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K. PREAMBLE

This collection of sample problems is a supplement to Volume 1
of DESAP 2: '"Theoretical and User's Manual". In making up this
volume, our aim was to find examples that would best serve the
following functions:

1) Illustrate and supplement the input instructions of Volume 1,
and to familiarize the user with the output.

2) Explain, with examples, special problem areas and peculiar-
ities that may arise in the use of the program.

3) Provide example problems that may be used for debugging the
program during installation on a new computer system.

4) Compare the results of DESAP 2 against solutions obtained by
other means, whenever possible.

Although DESAP 2 is designed primarily for the use of large
structures, the stated purpose of the sample problems is clearly best
fulfilled by small, simple examples that do not necessarily represent
realistic design situations., Consequently, the problems appearing
in this volume should be viewed strictly as tools of instruction,
which in no way reflect the ultimate capabilities of the program.

Because our experience with the program is rather limited at
this time, the example problems may well have overlooked some trouble-
some aspects of design, or even deficiencies in the program itself.
The extensive computer output from each design cycle is, however, a
powerful diagnostic tool that should enable the user to pinpoint the

difficulty and make the appropriate correction.



K.2

An example problem is given for each element type presently used
in the program. Each problem contains a complete description of the
input data, including an echo of the input cards, and the computer
printout of the input information. In order to reduce the bulk of
the report, only a partial listing of the computer output is duplicated,
containing the initial and the final designs. The complete history of
a design is usually summarized by tabulating the design variables.

In compiling the sample problems, we were seriously handicapped
by a lack of adequately documented optimal design problems in existing
literature. For this reason, a one-to-one comparison of the results
of DESAP 2 with independently obtained solutions is lacking in some of
the problems.

As a final note, we would like to remind the user again that
DESAP 2 is oriented towards large problems. Mainly due to an extensive
use of auxiliary storage devices and other core-saving features, the
program is not efficient for small structures as used for the sample
problems. Consequently, the computer times for these problems are
not expected to be competitive with runs obtaired from programs

especially designed for structures of limited size.



L.1.1

L., BAR ELEMENTS

L.1 Three-Panel Truss

A

10" 20" . 10"

10"

Figure L.1.1

Layout of Truss Showing Element and Node Numbers.

The truss in Fig. L.1.1 is to be optimized for the single load
condition shown. The cross~sectional area of each bar is taken as

an independent design variable. The data used in the design is:

E = 10 psi (Young's modulus),

0; = 0; = 25 psi (allowable normal stress),

A* = 0.1 sq. in. for all elements (min. allowable
cross-sectional areas),

A = 1.0 sq. in. for all elements (initial cross-

sectional areas),



L.1.2

p* = 1.0 (lower bound on the critical load parameter, i.e.
the factor of safety against buckling).
Local buckling of the elements is not to be included as a design
criterion. Because the two construction codes of the bar element
differ only in redesign with respect to local buckling, either of the
codes may be used (we chose Construction Code No. 1).

The complete design history of the problem is given on the
Computer Printout sheets. The optimal design was reached in two re-
designs; it is governed entirely by the buckling constraint. Because
stress constraints are inactive and the prebuckling state is statically
determinate, the final design is a true global optimal design.

The buckling load of the initial design (see Analysis of Design
No. 0) of 2.2654 agress exactly with the analytical solution of Ref.[13],
p. 148, Unfortunately, the cross-sectional areas of optimal design

cannot be checked due to lack of an independently obtained solution.

Special notes on input-output:

1) Since the stiffness matrix of each element of the structure has the
form [Ki] = [ki]A?, n = 1, uniform scaling is an exact operation.
Consequently, KSCALE = 1 (=n) was specified in the Design Control
Data.

2) Automatic generation of boundary condition codes was employed to
suppress the z-displacement and the rotations at all the nodes
(see Nodal Point Input Data and Generated Nodal Data).

3) Local buckling of elements was eliminated as a design consideration
by leaving the moments of inertia blank on the geometric property

card. The blanks are replaced by the computer with 106 in4



4)

5)

6)

7)

8)

L.1.3

(see Geometric Property Cards), so that the Euler buckling load

of each element is too high to play a role in the redesign.

MODEIN = 1 in the Buckling Control Data means that the initial
mode shape (coordinate vector) is read in with data cards.

NMODE = 1 in the Buckling Control Data specifies that only one
buckling mode is to be considered in the design.

The parameter INDET = 1 in the Buckling Control Data signifies
that the structure is ‘statically determinate. Therefore, the pre-
buckling stresses and the geometric stiffness matrix of the struc-
ture have to be calculated only once in the whole redesign process.
A "mormal' value of the relaxation parameter ¢ = n/(n+l) = 0.5
(note that n = 1) was employed in the buckling-constrained redesign
(see ALPA in Buckling Control Data).

The program was terminated when the Optimality Index of each ele-
ment became sufficiently close to one (see Evaluation of Design

No. 2).
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THREEE PANEL TROSS BUCKLING

NUMBER
NUUMBER
NUMBRER
NUMBER

DESIGN

NCYCL
KSCALFE
DELTA
EPSIL
LDUCK

NODAL POINT INPUT DATA

NODE BOUNDARY CONDITTION

NUMBER

nmeEwN o

GENERATED WODAL DATA

OPF NODAL POINTS
OF ELEMENT TYPES

OF LOAD CASES
OF DES. VARIABLES

CONTROL DATA

X

OO0 O -

0.
0.

10
1

1

Y

O OO -

2500E-01
1000E 00

Z

-0 O o

XX

-0 00w

CODES
Y

~_~ OO O -

NODE BOUNDARY CONDITTON CODES

WUMBEPR

N E W -

EQUATION NUMBERS

M EWN -

X

OO O -

NN WO

QOO -

~NOENON

2

-1
-1
-1
-1

1

oCcooon

XX

-1
-1
-1
-1

1

[~N-N-N-R-F 1

Y

-1
-1
-1
-1

1

OO~

ANALYSIS

5
1
1
7

z2

- OO0 -

aoaoo9oamN

NODAL POINT COORDINATES-~-=----~ /
X ¢ 2
€.000 0.000 0.000
2C0.000 0.000 0.000
10.000 10.000 0.000
40.000 0.000 0.000
3c.000 10.000 ¢.000
NOCAL POINT COORDINATES~======= /
X Y ¥4
6.000 0.000 0.009
2¢.000 0,000 0.000
1C.000 10.000 0.000
490,000 0.000 0.900
30,000 10.000 0.000

Computer Printout

[~R-=N- =N

0.0900
n,000
0.009
0.099
0.000

0.000
0.000
0.000
0.000
0.000

S'1°1



NUMBER OF TRUSS ELEMNENTS = 7
CONSTRUCTION CODE = 1
NUMBER OF MATERIALS = 1
NUNBER OF TEMPS FOR WHICH MATL PRCPS GIVEN= 1
NUNBER OF DIFFERENT GEOMETRIES PROPS GIVEN= 1
MATERIAL PROPERTY CARDS
MATERIAL NUMBER SPECIFIC YOUNGS COEFFT OF /~-ALLOWABLE STRESSFS--/
NUMBER OP TEMWPS WEIGHT TEMP MODULUS THERYW EXPAW TENSION CONPRESSION
1 1 0.1000E 00 0.00C0F 00 0,1000E 02 0,00008E 00 0.2500E 02 0,2500B 02

GEOMETRIC PROPERTY CARDS

GEOMETRY X~SECT /~<-MOMENTS OF INERTIA--/
NUMBER AREA Y 2z

1 0.10000 01 0.1000E 07 0.1000E 07

ELEMENT LCAD MULTIPLIERS

A
X-DIR 0.000000D 00
Y-DIR 0.000000D 00
Z-DIR 0.000000p 00
TENP 0.000000D 00

PROCESSED ELEMERT DATA

ELEMENT /-NODE NOS~/

B
0.090009Dp 00
0.0C0900D 00
0.000000D 00
0.000000D 00

C
0.000000D 0C
0,009C00D 00
0.000000D 00
0.000000D 00

D
0.000000D 00
0.000000D 00
0.000000D 00
0.000000D 00

/=<-ELEMENT ID NOS~-/

DESIGN VAR RFFERENCE

NUUMBER I J MATL GEOMY D VAR FRACTION TEMP
1 1 2 1 1 1 0.1000E 01 0.0000p 0O
2 2 4 1 1 2 0.10G0E 01 0.0000D CO
3 3 5 1 1 3 0.10C0E 01 0.0000D 00
L} 1 3 1 1 4 0.1000E 01 0.0000D Q0O
5 2 3 1 1 5 0.1000E 01 0.0000p 00
6 2 5 1 1 6 0.100CE 01 C.0000D 00
7 4 S 1 1 7 C.1000F 01 0.0000D 00

STRUCTURE STRUCTURE LOAD MULTIPLIERS

LOAD CASE A B [of D
1 0.000 0.000 0.0C0 0.000

BUCKLING CONTROL DATA

COEFPT
HODEIN
NMODE
INDET
NVEC
ALPA
ONEGA

1.00000

1

1

1

1
0.50000
0.80000

END FIXTTY COEFPICIENTS
YY 7%

0.1000D 01 0.1000n 01
0.1000D 01 0.10C0D 01
0.10C0p 01 0.10000 01
0.10C0D 01 0.10000 01
¢.10nCD 01 C.10C0D 01
0.1000D 01 0.1000D 01
0.1000D 01 0.1000D 01

BAWD
HIDPTH

Wl ENT AR

9°1°1



RODAL POINT LOADS

NODE LOAD

NO. CASE BX
3 1 0.100D 01
4 1 -0.100D0 01
5 1 -0.100D 01

0.000D 00
0.000p CO
0.000D 00

DESIGN VARIABLE INPUT DATA

DESIGN

VARIABLE

NUMREP VALUE
1 0.1000E 01
2 0.1000E 01
3 0.1000E 01
4 0.2000E 01
5 0.2000E 01
6 0.2000E 01
7 0.2000E 01

VALUE

0.10002
0. 1000E
0. 1000E
0.1000E
0. 10008
0.10008
0.1000E

TOTAL NUMBER OF EQUATIONS

BANDWIDTH

NOMBER OF EQUATIONS IN A BLOCK

NUMBER OF BLOCKS

APPLIED LOALS

RY

INITIAL MIN ALLOWABDLE

00
00
09
00
00
00
00

-y~

RZ
0.0C0D 00
0.000p 00
0.000D 920

ux
0.000D 00
0.090D 00
0.000n 00

L3 ¢
C,000D 00
0.000D 00
0,000n CO

nz
0.000D N9
0.000D 00
0.000D 00

L1171
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AFALYSIS OF DESIGN NUMBER 0
SRRAR AR RSN Rk E R Rk

RODAL DISPLACEMENTS ARD ROTATIONS

NODE LOAD

NO.
5
[

CASE

1

1

VALUES OF

ELEMENT

0

NN EFWN -

0.

BOCKLING MODE SHAPES

NODE NODE

NO,SHAPE

X Y Z XX Y
-3,000E 00 1.000E 0O 0.000E-01 0.0000E-01 C.O0000F-01
-4,000E 00 0.000%-01 0.0C0E-01 9,0000E-01 0.0000E-01
-1.000E 00 1, 000E 00 0.000E-01 0N.00N0E-01 0.N000E-01
-2.000E 00 4,330B-15 0.000E-01 0.0070E-01 0.0000E-01
0.000E-01 0.000E-01 0.000E-01 0,0000E-C1 C.0000E-01
DESIGN VARIABLES
1 2 3 4 5
1000E 01 0.1000F 01 0,1000E 01 C.2000F 01 0.20C0E 01
ANALYSIS OF TRUSS ELEMENTS, CONSTFN CODE= 1
X-SECT AREA LCAD COND AXIAL FORCF
0.1000F 01 1 -2.1000E 01
0.1000E 01 1 -0.10008 01
0.1000E 01 1 -0.1000E Q1
C.2000E 01 1 0.5969E-07
0.2000€ 01 1 0.9537E-06
0.2000E 01 1 -0.9537E-06
0.2000F 01 1 0.9537E-06
BUCKLING LOAD PARAMETERS
0.22654p 01
X Y % XX Yy
5.895E-08 -1.939E 00 0.000E-01 0.000"F~C1 0.00001-01
1.433E 00 0.000E-01 0,000E-01 0.0090E-C1 0.CO0N0E-01
1.4338 00 -1.939E 00 0.000F-01 0.000CE-01 0.0070F-C1
7.164E-01 <~3,162F 00 0.000E-0% 0,0000E-01 C.R0COF-C1

2%

0.0000r-01
0.0000E-~01
0.0000E-01
0.0000E-01
0.0000E-01

6 7

C.2000E 01 0.2000E 01

77

0.0000E-01
C.N0COF-01
0.COCNE-01

0.G700E-01

0

10

8°1°1



1 1 0.000E-01 0.000E-01

ARk kR R Rk Rtk Rk Rk Rk kK

EVALUATION OF DESIGN NUMBER 0
ARE AR RARRER R Rk kAR Rk kg

STRESS RATIO LOAD COND

MAX 0.1000E 00 0

MINW 0.5000E-01 0
MAX BUCK RATIOS LOAD COND

0.4414F 00 1

UNIFORNM SCALING OPERATION FOLLOWS

0.000E-01

DES VARTARLE

1
4

SCALE FACTOR IS O.U44TAND DETERMINED BY RUCKLING

DESIGN VARIABLES OF SCALED {(CRITICAL) DESIGN ARE

VALUES OF DESIGN VARIABLES

1 2

0 O.4814E 00 O.4414E 00 O.8414F OO

STROCTORAL REIGHT= 0.7643E 01

REDESIGN OPERATION FOLLOWS

)

0,8828E 00

OPTIMALITY INDEX OF DESIGN VARTABLES POR BUCKLING CONSTERAINTS

DY NO ACT/PAS INDEX
1 ACT 0. 45474 00
2 ACT 0,45474E 00
3 ACT 0. 18190E 01
L} ACT 0.227378 00
5 ACT ¢.22737F 00
6 ACT 0.22737E 00
7 ACT 0.22737% 00

NO. OF ACTIVE BUCKLIMNG CONSTRAINTS

ARE

0.0000E-01 0,0000E-CY O0,0000E-01
CONSTRAINTS
5 6 7
0.8828E 00 0.8828E 00

0.8828E 00

6°T1°1
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ANALYSIS OF DESIGN NUMEBER 1
AR RSk R Rk R kR

NODAL DISPLACEMENTS AND ROTATIONS

NODE LOAD
CASE

NO.

S

y

1

1

1

1

P

-7.836E
-1.2u6%
~4.622E
-6.229%

0.000E

VALUES OF DESIGN VARTABLZTS

0

0.

1
3211E 00

ANALYSIS OFP TRUSS ELEMENTS, CONSTERN CODE= 1

ELEMENT

~NANE WN -

X-SECT AR

0.32118
0.3211E
0.62228
0.54188
0.5418E
0.5418E
0.5418¢

BOCKLING LOAD PARAMETERS

0.,86583D

BUCKLING NODE SHAPES

NODE NODE
NO.SHAPE

5

u

1

1

1

-4,127€
-1.706E
-1.293E

-8.528%

X 1 Z XX Y
00 4.622E 00 7.000E-0Y 0.0000E-01 0.0000F-C1
01 0.000E-01 C.000E~-CY 0,0000E-0' 0,0000E-01
00 4.622E 00 0.000E-01 0,0000FE~01 0.0000E-01
00 3.0158 00 0,000E-01 0.0000E-01 0.0000E-0O1

-01 0.000E-01 0.000E~01 0Q,0000E-C1 0.0000F~01

2 3 [ 5

0.3211® 00 0.6222E 00 O0.5418E 00 O0.5418E 00

EA  LOAD CON¥D AXIAL PORCE

00 1 ~0.1000E 01

00 1 -0.,1000E 01

00 1 -0.1000E 01

00 1 0.2347E-06

00 1 0.1729E-CS

00 1 -C.2603E-C6

00 1 0.9689E-06

00
X Y % xx TY

-01 2,008E 00 3.000E-01 0.0000E-C1 C.000CF-01
00 0.000E-01 0.000E-01 0.0000F-01 0.0000E-C1
oo 2,008E 00 0.0n0E-01 0,00COF-01 0.0000E-01

-01 3.162E N0 C.N00E-01 92,00NNF-01 0.0N0CE-01

7%

0.0000F~01
0.0000BE~CY
0.00C0E~C1
0.0000E~C1

0.00C0E~0C1

6 7

0.5418E 00 0.5418E 00

22

0.0900F-01
0.0000E-01
0.0CQ0E-C1

0.0000E-01

10

01" 11



1 1 0.000E-01 0.000®-01 C.000E-01 0,0000E-01 0,0000E-01 O0.COROE-01

ERARRREER Rk R RNk kR kR

EVALUATION OF DESIGN NUMBER 1
SRR RRRER RSNk kRN

STPESS RATIO LOAD COWND DES VARIABLE
MAX 0.3115E 00 0 2
BTN 0.1607E 00 0 3

MAX BUCK RATIOS LOAD COND

0.1155E 01 1
TINIFOF® SCALTNG OPERATION POLLONS
SCALFE FACTOR IS 1.155AND DETERNINED BY BUCKLING CONSTRATNTS
DESIGN VARIABLES OF SCALED (CRITICAL) DESIGN ARE

VALUES OF DESIGN VARTABLES

1 2 3 4 5 6 7 8

0

10
0 0.3708F 00 0,3708% 00 O.7186E 00 0.6257E 00 0.6257E 00 0,6257E 00 0.6257E 00

STRUCTURAL WEIGHT= 0.6460% 01

REDESIGN OPERATION FOLLOWS

OPTINALITY INDEX OF DESIGN VARIABLES FOR BUCKLING CONSTRAINTS

DY NO ACT/PAS INDEX

1 ACT 0.11317€ 01
2 ACT 0.113172 01
3 ACT 0.120558 01
4 ACT 0.79490E 00
5 ACT 0.79490E 00
6 ACT 0.79490E 00
7 ACT 0. 79490E 00
¥0, OP ACTIVE BUCKLING CONSTRAINTS ARE 1

IT°1°1
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ANALYSTS OF DESIGN NONBFR 2
SRRRERERA AR SR ERR ARk Rk R

RODAL DISPLACEMENTS AND ROTATIONS

NODF LOAD X Y % XX 1Y
RO. CASE
5 1 -6.322E 00 3.798r 00 0.000E-01 0.0000E-01 0.0000F-01
[} 1 -1.012E O 0.,000E-01 J3.000E-01 0.0000E-01 0.0000E-01
3 1 -3.798E 00 3.798E 00 0.,000F~-0t 0,0C00E-01 0,0000F-01
2 1 -5.060E 00 2.53AE 00 ¢.0008-0% 0,0000B-N0Y 0.0000E-01
1 1 0.000E-01 0.000E-01 0.000E-01 0.0000F-0% 0.0000E-01
VALUES OF DESIGH VARIABLES
1 2 3 4 5
0 0.3952E 00 0.3952B 00 O0.7924E 00 O0.5616E 00 0.S616% Qp
ARALYSIS OF TROSS FLEMENTS, CONSTRN CODE= 1
BELEMENT X-SECT AREAR LOAD COND AXTAL FORCE
1 0.3952E 00 1 -0.10008 01
2 0.3952E 00 1 -0.1000E 01
3 0.7924E 00 1 -0,1000E 01
[} 0.5616F 00 1 0.7412E-06
5 0.5616E 00 1 0.2309E-05
6 0.5616E 00 1 0.83268-07
7 0.56168 00 1 0.5191E-06
BUCKLING LOAD PARAMETERS
0.991020 00
BUCKLING MNODE SHAPES
NODE MODE X Y 2 XX Yy
¥O.SHAPE
5 1 3,974E-01 -1.978E 00 0.000FE-01 0.0000E-01 C.0D00F-D1
4 1 1.586E 00 0.0008-01 0.000E-01 0.COOCE-01 0.0000E-C1
3 1 1.18RE 00 -1,87AF 00 0.000E-01 0,000DF-01 0,00C0F-C1
2 1 7.929E-01 -3.162E 00 0.C0NE-21 (.0000F-01 0.00CCE-CI

2z

0.000CE-01
0.0000E~-01
0.0000E-01
0.0000E~01

0.0000E-01

6 7

0.5616E 00 0.5616F 00

7

0.0000E-C1
0.C000E-C1
0.C0C0R-01

0.COCCF~01

10

2111



1 1 0.000E-01 0.0008-01 0.000E-01 0.0000E-01

(EEER AT LR E SRS LRSS YR L L L

EVYALUATION OF DESIGN NUMBER 2
BEERRSRERREXRRSRSERERARBRBANRRF

STRESS RATIO LOAD CCHD DES VARIARLE
HAX 0.2530E 00 0 2
uIw 0.1262% 00 0 3

BAX BUCK RATIOS LOAD CCHD

0.10092 01 -1

DESIGN IS CRITICAL

STRUCTURAL WEIGHT= 0.63u43F 01

REDESIGN OPERATION FOLLOWS

C.0000E-01

OPTIMALITY INDEX OF DESIGN VARIABLES FOR BUCKLING COMSTRAINTS'

DV NO ACT/PAS INDEX

1 ACT 0. 10241E 01
2 ACT 0, 102012 01
3 ACT 0.101918 01
L} ACT 0.101468 01
5 ACT 0.10186E 01
6 ACT 0. 101468 01
7 ACT 0., 10146F 01
NO., OF ACTIVE BUCKLING CONSTRAINTS ARE 1

BUCKLING - CRITICAL DESIGN HAS CORVERGED

0.00C0E~01

er 11



L.2.1

L.2 Ten-Panel Truss

LY 1 2 34 5 6 7 8 9 10 sk
T T
Yy A A AL
5k
100"
|-
Figure L.2.1

Layout of Ten-Panel Truss Showing Panel Numbers.

The truss in Fig. L.2.1, which has been treated in existing
literature [14], gives an opportunity to check the results of
DESAP 2 against an independently obtained solution. Both designs
use the following data:
E =10 x 106 psi (Young's modulus),
G; = 0; = 20,000 psi (allowable stress),
A = 2.0316 sq. in. for all members (initial cross-sectional
area),
A* = 00,0544 sq. in. for all members (minimum allowable
cross-sectional area).

Local buckling of the elements was not taken into consideration.



L.2.2

The designs obtained from DESAP 2 and Ref. [14] after five
redesign cycles are listed in Table L.2.1; the correlation is excellent.
It should be noted that the design is symmetric, as it should be, i.e.
the two horizontal (chord) members in each panel are equal, and so
are the two diagonal members.

This problem differs significantly from the three-panel truss in
Sec. L.1. Firstly, the prebuckling state is not statically determinate
in the current problem, which means that a prebuckling analysis must
be carried out, and the geometric stiffness matrix of the structure
recomputed prior to each design cycle. Secondly, the final design is
governed by stress and buckling constraints simultaneously, whereas

only the buckling constraint was active for the three-panel truss.




Cross-sectional areas (sq. in.)
DESAP 2 Reference [14]
& :
E.é Horiz. Diag. Horiz. Diag.
= g membs ., membs. membs . membs .
1 2.713 0.054 2.721 0.054
2 2.654 0.054 2.655 0.054
3 2.536 0.075 2.532 0.076
4 2.362 0.103 2.357 0.102
5 2.134 0.130 2.132 0.128
6 1.855 0.155 1.857 0.153
7 1.527 0.179 1.531 0.179
8 1,152 0.203 1.155 0.204
9 0.728 0.229 0.729 0.230
10 0.251 0.256 0.251 0.256
Weight 466.4 1b. 466.6 1b.

The cross-sectional areas of all vertical members are at

the minimum allowable value of 0.0544 sq. in.

Table L.2.1

Comparison Between the Results of DESAP 2 and Reference [14]

After Five Design Cycles.

L.2.3
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M. BEAM ELEMENTS

M.1 Three-Member Frame with Elastic Supports

10k 10k

40 1b/in 10 40 1b/in
112—-’\/\/\—9 —/\/\/\TEH
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7
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Beam
elements 34 ﬁ4
yihK 1 2
Boundary |
elements X /
747 (44 - 77 77
2
180"

Figure M.1.1

Layout of Frame Showing Element and Node Numbers

The spring-supported frame in Fig. M.1.1, which has been
extensively discussed in Ref. [4], is an example of a design problem
that is governed by two buckling modes simultaneously.

The structural members consist of thin-walled beams. Only the
wall thickness is to be varied during the design, which means that

Construction Code No. 1 must be used. Equal size constraints are



M.1.

used to reduce the number of design variables to two: the cross-
sectional area of the columns (Al), and the cross-sectional area
of the beam (Az). The elastic supports are modelled by boundary
elements.

The following data is used in the design:

30 x 106 psi (Young's modulus),

E =

G; = 02 = 50,000 psi (allowable stress),

p = 1.0 1b./cu. in. (specific weight),

p* = 1.0 (min. allowable critical load parameter).

The geometric properties of the elements are summarized below.

Initial Values
Design 2 )
Variable Elements A(in.™) Iz(in. )
1 1-8 1.50 1.50
2 9 0.15 0.15

No minimum size constraints were placed on the design variables.
The buckling of this simple frame can be treated analytically

for arbitrary values of the two design variables A, and A2. The

1
results of the analysis have been plotted in the form of 'design
space'" in Fig. M.1.2. Each point in the design space has as its

coordinates A, and A_,, and represents, therefore, a specific design.

1 2’
The constraints divide the design spacs into two regions: the
feasible region consists of designs that do not violate any con-

straints, whereas the infeasible region violates at least one

constraint. The boundary between the two regions represents critical



designs. The optimal design is that point in the feasible region that
has the lowest weight. By inspection of Fig. M.1.2 it can be seen that
this point lies at the intersection of the two buckling constraint
lines Ps = 10k and Pa = 10k, where P_s and Pa are the buckling loads
associatéd with the symmetric and asymmetric modes, respectively.

The designs obtained by DESAP 2 are also shown in Fig. M.1l.2. As
can be seen, the optimal design was reached in four redesigns, including
two uniform scaling operations. The history of the design process is
also given in numerical form in Table M.1.4. The stress constraints

were not active at any stage of the design.

Design Number
0 1 2 3 4
”_A;Einz) - i:god. h-ui.3187777 0.858 0.925 0.841
Az(inz) 0.150 0.132 0.231 0.249 0.289
Ps(kips) 16.44 14.44 9.97 10.74 10.00
Pa(kips) 10.47 9.94 9.65 9.98 9.97
Wt. (1b) N.C.* 656.2 N.C. 488.7 455.8

*Denotes that design is not critical.
Table M.1.4

Design History of Frame



1.0

Critical designs

O—>—0O Redesign

0.8 DESAP 2
' O-—>-0 yniform scaling
Vo
\ \ P. = 10k
VoA
0o \
-0 \ X W = 456 1b. contour
\
< \
) \ \ FEASIBLE REGION
o
< \\
0.
T o\
AN
INFEASIBLE = 10 k
0.4 REGION
<0 O(Initial design)
\ 1
‘\\
0 ] ] \\ I 1 l | I
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
s n2
Al(ln )
Figure M.1.2

Design Space Showing Designs Produced by DESAP 2

AR
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Special notes on input-output:

1)

2)

3)

4)

5)

6)

Although the stiffness matrix of each element has the form

[Ki] = [ki]Ai, the presence of the elastic supports means that
uniform scaling is not an exact operation. Consequently,

KSCALE = 0 is used in Design Control Data, which causes each

scaled design to be analyzed and evaluated.

As each element bends only about the local z-axis, the properties
about the two other axes are left blank on the Geometric Property
Cards.

All section moduli have been left blank on the Geometric Property
Cards. Consequently, the bending stresses are not calculated in

the prebuckling state (they would be very small anyway).

The use of node Nos. 1 and 12 as the ''third" node on the element
cards (see Processed Element Data) specifies local y-axis to lie

in the global x-y plane.

NMODE = 2 in Buckling Control Data requests that the redesign be
carried out with respect to two modes simultaneously.

The prebuckling state is statically determinate (bending is
negligible), which is specified by INDET = 1 in the Buckling Control
Data. Consequently, the geometric stiffness matrix of the structure

is assembled only once in the entire design process.



20300 123456780A1234507800 1234564780 CI23456783001 234567890 123456789F123450789G1 234567891

20350 FUEREE NENRER FRANE VITH ELASTIC SUPPORTS ames CUCKLLNG DESIGH

20400 12 2 1 2

20450 to 0.925 0.1 1 1 !

209500 1 1 1 ~1 ~1 -1 1

M550 2 | 1 L 120,

200hipY 3 U

20650 9 240. 2
20700 4 180, 60,

20750 10 1. ATV 2
20390 |9} 1 1 [ 1 { t ~iyu, 240.

20850 12 1 1 1 1 1 I 300. 2440,

209400 2 9 1 1 1

20950 1 1.0 000000 . Inang,

21u0v 1 L t.o i.

21050

21100

21150

21290

21250 Q 3 1y 12 1 1 1

21309 9 9 i 1 ¥ 1 2

211350 7 2

21400

21450 2 biy 12 t hu.
21300

21539 1.0 ! 2 1 2 .5 (L

21600 9 1 ~10400.

21651 10 1 -10000.

‘1700

20750 0.5 -0.5 VIS n.1l 2.5 0.5
21860 =il (.1 1.n ~1.0

21850 =002 L.n 1.y e
21900 1,5 =05 ued -0.1 1.5 0.5
21950 ~0.73 n.1 2.0

22000 ~u.h ~0.1 2.9

22001 —-h 0.1

224950 1 t.5

22100 2 .15

2215y 12345678097 123456789K123456789C123450789ND123A5R7TH891123I450T89TF123456789G123456749N1
22200

Echo of Input Cards

9°T'H



THPEEE NEMBFEP FRAME WITH BLASTIC SUPPOPIS =-=-- PUCKLING DESIGN

NOMBEF OF NODAL POINTS = 12
NUMBER OF ELEMENT TYPFS = 2
NUMRER OF LOAD CASFS = 1
NUNBFR OF DES. VARIABLES = 2
DESIGN CONTROL DATA
NCYCL = 10
KSCM F= ¢
DELTA = 0.2500E-01
EPSTL = 0.1000E 00
. LBUCK = 1
NODAL FOINT INPOUT DATA
NODE BOUNDARY CONDITION CNDES /~=====NCDAL PCIRT COOPDINATES=<====~~ /
NUMDBEP X Y Z XX Y 7% X Y z T
1 1 1 -1 -1 -1 1 0.0 0.0 0.0 0 0.0
2 1 1 0 0 Y 1 180,000 c.0 0.0 0 0.0
3 0 0 0 ¢ 0 0 0.0 €0.000 0.0 0 0.0
9 ¢ 0 0 0 2 0 c.n 240,000 0.9 2 0.0
4 0 0 n 0 0 0 180.000 60.CN0 n.0 0 0.0
10 b} 0 0 0 0 0 180.000 200.00C 0.0 2 2.0
1 1 1 1 t 1 1 -100.C00 240,000 0.0 [ 2.0
12 - 1 1 1 1 1 1 397,000 2u0,00nN 0.0 0 0.0
GENERATED NODAT. DATA
NODE ROIUNDARY CONDITION CODES fommm—— NOCAY, POINT COORDINATES=<==e-~- /
NUMBEF X Y Z XX Y 2% X Y Z T
1 1 1 -1 -1 -1 1 0.0 0.0 0.0 0.0
2 1 1 -1 -1 -1 1 180.090¢ 0.9 0.0 0.0
3 0 [y -1 -1 -1 0 2.0 60.000 0.9 0.0
4 0 0 -1 -1 -1 9 18C. 010 60,000 0.0 0.0
5 0 0 -1 -1 -1 0 0.0 120.000 0.0 0.0
[ 0 0 -1 -1 -1 bl 130.000 120.900 0.9 0,0
7 g Q -1 -1 -1 0 0.0 180,000 ¢.0 0.0
8 0 ¢ -1 -1 -1 0 180,200 182.000 0.0 0.0
9 0 L -1 -1 -1 0 0.0 240,000 0.0 0.0
10 0 0 -1 -1 -1 n 180,001 240,000 0.0 0.0
LR 1 1 1 1 1 1 =-110,000 280,000 ¢.0 2.0
12 1 1 1 1 1 1 ann,neo 210,000 0.0 n.0
POUATION NUNBERS
N X Y 7 XX Yy 2
1 0 n 0 ¢ n 0
2 0 0 0 Q 0 0
3 1 2 ¢ ¢ 0 3
4 u 5 0 0 a 6
5 7 R 0 0 n 9
6 1 1" 4 0 0 12

Computer Printout
(Input data, the initial design and the final design only are reproduced.)

L'T'HN
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THREE DIMENSTONAL BEAM ELEMENTS

NINBER OF BEAN ELEMENTS = 9
CONSTRUCTINN CODE = 1
NUMBEP OF MATFRIALS = 1
NUMDEP OF GEONETRIC PROPERTIES= 1
WOMBEP OF FIXED-END FORCPR SETS= 0
MATERTIAL PROPERTY CARDS
MATERTAL SPECIFIC YNUNSS. POISSONS /-=e===-=- ALLOYARLE STRESSES===<--=~=-- /
NUMBFER WEIGHT NODULUS PATIN TENSTON COMPRESSINK SHTAR
1 0,1000D 01 0.3070F 08 0.0 nN,50N%g 95 0.5070F 05 0.2885E 0S5
GEOMETRTC PROPERTY CARDS
PROPEPFTY X-SECT Y~SBIT /===-=<PROPEPFTTES NF Y-SECTION-==--/
NUMRER KODE AREA X-AXIS Y-AXTS Z-AXIS
1 1 0.1000D 21 0,9 7.0 0.100CR C1 MOMENTS OF INFRTIA
2.0 0.0 .0 SECT MODULI FOR POINT A
0.1 0,0 0.0 SECT MODULI FOR POINT B
ELEMENT LOAD WMOLTIPIIERS
L] C
X=-DIR 0.0 0.0 0.0 0.0
Y-DIR 0.0 0.0 0.0 0.0
7-DIR 0.0 0.0 0.0 0.0

PROCESSED ELEMFENT DATA

ELENENT /-=--NODE NOS-~/ /--RLEMENT TD NOS-/
GEOMY

NIIMBFR I J K MATL
1 1 3 12 1
2 2 L] 12 1
3 3 5 12 1
4 u 6 12 1
5 5 7 12 1
6 6 f 12 1
7 7 9 12 1
fa [ 10 12 1
Q 9 10 1 1

[P P gy

D VAR

1
1
1
1
1
1
1
1
2

DESTGN VAR

FRACTION

2.1000%
0. 100"
N.1000F
N, 1000E
N.1009E
G.1000E
0.10COF
g.1000F
2.10008

[\R]
01
DA
ot
01
n1
01
01
c1

FIXED FND-FORCE

DOO0OD D200 OD

A

R

DO ODDOA

ODODOOIIOO

ID

OO0 DODDOO

I

¢00009
000000
00000C
000099
000009
0nnooo
000070
000000
000900

END RELEASE CODES

J

007000
000009
000000
700079
n00000
0900090
200000
000090
030000

BAND.
NIDTH

£ RY-RV-RV. Q- Y. V- LR W)

6°T'HN



BOUNDAPY FLEMENTS

NUMBER OF ELEMENTS = 2

ELEMENT LOAD MULTIPLIEPS

BOUNDARY ELEMENT DATA

CONST NODE /-=-N(QDSS DEFINING CONSTRATNT DIRECTION--/ CODES
NJMBER N NT NJ NK NL KD KR
1 K 11 0 9 0 1 o
2 10 12 ] ] 0 1 n
STRUCTHPE STRTCTURE LOAD MULTIPLIEPRS
LOAD CASF A B C D
1 0.0 n.n 0.0 n.o

BUCKLING CNNTROL DATA

CREF®T = 1.00000
MODERIN = 1
NMODE = 2
INDET = 1
NVEC = 2
ALPA = 0.59000
OMEGA = 0.80099

NODAL POINT T.0ADS

NODE LOAD APPLIED LOADS

NO. CASF RX 7Y RZ MY nY
9 1 0.9 -0.109n 95 0.0 0.0 0.0
1 1 c.n -0.,170D 05 0.1 0.0 0.0

DESIGN VARIABLE INPUT DATA

DESIGN
VARTABLE INITTAL MIN ALLOWABLE
NUMRER VALDE VALUR

1 5,1500E 01 0.1

2 0.15008 00 0.0

TOTAL NIMRER OF FOUATTONS = 24
BANDWTIDTH = 9
NONREP OF EQUATTONS TN A ALNCK = 22
NUMBFP OF BLOCKS = 2

NISPL

29

2 Q
[= %)

o0

Lt

ROTATION
R

0,0
c.0

STTFF

S
4.00D 01
4,00p0 01

OT'L'HW




whkpkk kb kb k kR kb k kR ®

ANALYSIS OF DESIGN NUNB¥R 0
HRERE R R ARk RRRER AR RS RE R R R R

NODAL DISPLACEMENTS AWD ROTATTIONS

NODE 1.OAD X Y k4 XX YY 72
NO. CASE
12 1 ¢.0 3.0 2.0 0.0 0.0 0.0
n 1 .0 .0 2.0 0.0 c.o0 c.0
10 1 4,406E-19 =-5,13332-02 n.0 0.0 c.0 -5.0772E-21
e 1 §.816F-19 -5.333E-02 0.0 0.C o.n -1.3254p-29
R 1 2.00uF-19 -4,000E-02 7.¢ 0.0 0.9 -3,0171E-21
7 1 -7.467E-20 -4,700E-N2 2.0 0.0 0.0 -4,5553E-21
6 1 6.796E-20 =2,66TE-02 2.0 0.0 0.cC =1.URU2E-21
s 1 ~1,768F-19 ~2,6678~-02 0.0 n.0 0.0 5.5310E-22
[} 1 1.172E-20 -1.333E-02 2.0 0.0 0.0 -4,78U9E-22
3 1 -8.210F-20 -1,333E-02 0.0 2.0 0.0 2,0715e-21
2 1 0.0 0.0 7.0 0.0 0.0 0.0
1 1 0.0 n,o 2.0 0.0 2.0 0.0

VALUES OF DESIGN VAPIABLES
1 2 3 L] ] 6 7 8
0 0.1500r 01 0.15008 N0

ANALYSIS OF BEAM FLEMENT3, CONSTRN CODE= 1

ELEME¥T X-SECT ARRR LOAD COND AXTAL FRX SHEAP RY SHEA® FZ TORQUE MX MOMENT MY BOMERT M2

1 0.15C0E 01 1 C.1200E 05 O.uuR7R-16 0.C r.0 0.0 0.2900E-14
-0.10C0F 05 -9,u4uB7r-16 0.C 0.0 0.9 -~0.2074R-15S
2 C.15008 01 1 €.1900% 05 7,659CR-17 0.0 n.e 0.0 -0,1612E~-15
-0, 1900F £5 -0,659CF-13 (.0 c.0 o.0 0.556RF-15
3 ¢.1500F 01 1 0.1200F ¢S5 C,u4487R-16 0,0 0.0 0.0 0.2074E-15
-C. 12008 0% -C.BU87R-1¢ 0,0 c.0 c.0 0.2u85%-14
] 0. 1500F 01 1 0.1200E 05 <C.FEOQO0F-17 .0 c.C a.0C -0.556f%-15
-f.120%g €5 -C.6590F-17 0.0 0.0 0.0 0.9520E-15
5 0.150°F 01 1 C.1200E 05 AN.4URTE-1F N, 0 r.e 0.C -0.24A5E~1U
-0, 19C0E 0F -C.UURTE-16 O0." 0.0 n.0 0.5177=-14
6 0.1500E 01 1 c.19C0% €5  (C,A500F-17 0,0 o.n 0.0 =0,9520%-15
-0, 190PF 28 -f, AEQCP-1T7 1,0 nn 0.0 0, 134770
7 C.1500E 01 1 0,107 €5  C,UBBTF-1A 0.0 0,6 c.0 -0.5178F-14

IT°T'HW



-0.1000F 05 -C.4487E-16 0,0
a 0.1509% 01 1 0.10008 05 0.6590R-17 0,0
-0.12008 €5 -9.6590B-17 0,0
9 ¢.15C0e 00 1 0.2721E-16 -C.1u508-07 0.0
-0.2721E-16 C.1450E-07 0.0
ANALYSIS OF BOUNDAPY FLEMENTS ~ CCNSTRAINT FORCES
CONST NUNREP LOAD CASR FORCE MOBENT
1 1 -0.176662~16 0.1
2 1 0.17622E-16 0.0
BICKLING LOAD PAPAMETEFRS
0.10470D 01 0.16439D 01
BUCKLTING MODF SHAPES
RODE MODE X Y 7 XX Yy
ND,SHAPE
12 n.0 2.0
0.0 0.0
11 0.0 n.0
n.0 7.7
10 -9.789r-92 5.925€-06
4.304E-05 -A,652R-22
9 -9.CR9E-02 -5,825%-)6
~4,304E-05 1.362R-21
2] =5.059F-02 4,3628-96
-4,0258-02 =~4,9898-22
7 =5.010%-02 -4, 36°E-06

k2l
NN D=2 N DN =N =N NN =N =N 2N -

[} -2.33um-03 1.456E-76
-1.821p-02 =-1,663E-22
3 -2.114E-N3 -1,05AE-06
1.8218-02 3,u0ur-22
2 0.9 0.0
0.0 0.0
1 0.9 n.0
0.7 2.9

SERR TRk Rk kR kAR kR kR Rk

EVALTATION OF DRSIGN NUMRER 0
AR SRR Rk R kR kR kR

4,025e-02 1.021E-21
-1.797E-02 2,912E-06
-4,5318-02 -3,326E-22
=1.742P-N2 ~2.913%8-0§
4.5318-02 6,80RE-22

DR OVORLEVILVIVOOILVLILIOCOVYIOOVLR
® * e s s e 8 e 8 % 8 4 4 o 8 8 4 e e 4w
DO DIODIDDODDIOIOIOIIIDIOCODODIOO
DOUODDODIOIVUVODIDODIDODIDIIDODIVO
“ 4 4 s 4 8 8 o 8 8 o 4 s s e e e b 40 s ..
D DODDODDIDOODIODINIDDIODIODOODIOIOD
© o a2 % 4 ® s 6 8 ¢ 6 8 8 8 s 8 6 % e s a6
NDI2DAVDODODIODVDOIDOADDODOCOOD

QODONVDOVDDOOIDOVONDODODODIODOOD

STRESS RATTO TLOAD COMND DES VARIARLFE

UAX 0.1333°F 00 1
uIN N.362RP-20 1

1
2

22

(=N =N i)
DO OO0

6.5071E~Cu
-7,8056F-04
6.6012E-04
7.8056E-04
6.U4761E-04
-4.4184E-04
6,52938-00
4,818uE-04
4,.1155F-04
2.6379E-04
4.0836E~06
-2.6379E-04
1.2060F-0u
5.0896E-04
1,7046E-08
-5, 0896E~-0y
e.0

0.787N%-14
~0.1347F-10
0.1743F-14
-0.7862E-05
-0,7862F-05

CI'T'H



MAX BUCK RATIOS LCAD COND
0.9551F 00 1
0,6083F 00 1

DESIGN TS NOT CRITICAL

UNIPOFM SCALING OPEFATTION POLLNNS

SCALY. PACTOR IS O.A79AND DETEPHTINED BY BOCKLING

CONSTRATNTS
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AMALYSIS OF PESIGN NOUMBFR 4
dokkmhk ko kkk bk k ok kR kR

NODAL DISPLACEMENTS AND PATATIONS

NODE LCAD

R0,
12
1

10

CASP

P

1

.0

c.0

B.674r-19
8,722F-19
7.318E~-19
-2.923r-18
4,337P-19
-2.R17E-18
1.355F~19

~1.N83R-18

o.n
0.n

Y

n.n

n.n
-9.510E-22
-9.510E-N2
-7.1338-02
=7.123%-02
-4,755€-02
~-4,755E-N2
-2.378E-02
-2.378%-02

.0

7.9

VALUES 0F DESIGWN VARIABLES

ANALYSIS OF BFAM ELEMENTS,

FLEMENT Y-SPCT AREA

)

1

0.R412E 0Q

0.8412P NN

0.A412F
0,9412E
N,RUT2F
n.8412%
N.8u412€

N,8412%E

2

0.28028 nO

LOAN COND

1

-0, 10N0F
-0.1000%
-N,1000F
-0.1300F
-0.1970E

=N, 100w

CONSTRN CODE=

1

AXTAL PX

ne&
ns
ns
c5
0s
[ol
9%
ne
05
ns
0s
re
¢S

DD DDOOHZIODOODODDOD
.
OonDooIDoOoLS DD

DOODOMIMMOODAOOO

72

-1.0802EF-19

~4.0658F-21

-2.4417R-20

-5,u210E-21
2,1654E~20

~4,0658E-21
2.9793E~-20
0.0

c.c

TOPQUE MX

D DO ODODODDIOD DO

DD DD OO0 DODOO
e * o s o % = 8 s ® e w »

DOMHMOIDMODODODOMNOO

MOMENT MZ

0,2051E-13
-0, u55up-14
-0.228NE-14
C. 11U0E-14
C.455uF-14
0.1140r-13
-0, 1140F=-14
=-0.2848F=-20
~0.1140F-13
0.2735g-13
=9.7438F-20
-0, 1140F-~14
-C.2735E-11

PI'T'HW



8 . 0,3412E 00 1

9 0.2892E 00 1

ANALYSTS OF BOUNDARY FLEMRENTS -

CONST NUMBER LOAD CASE
1 1
2 1

RUCKLTNG LOAD PARAMETERS

0, 996730 00

BUCKLTNG MODE SHAPES

-0. 4986E-16 C.
N,34694E-16 a2,

-0. 1000E 05 -9.26%9R-15
0.1000% 05 -0.1900E-16
-C.17CO0E 05 0.1900E-16
0.2310F-15 -0.2829E-06
-0.2310F-15 0.2R28F-06¢

CONSTRAINT FNRCES

FORCE MOMENT

0,99951D CO

NODE MODT X Y 7
NO.SHAPE
12 0.0 0.n
0.0 n.0
1 0.0 0.0
0.0 0.0
10 -1.563F-C2 1. 401E~-06
-7.473E-02 1.627E-05

-4,380p-02

=3
N RN SN =D SNaDdNDAN=SNSNDN 2NN

4,4078-02  1,790%-06
-1.300B-02  8.137B-06
5 -4.580E-02 ~-1.700E-06
4,7307-03 ~-8.137E-06
4 1,m00t.02  1,5028-07
1.831E~-04 4,CRBT-06
3 -1.741E-02 -9,502F-17
7.360R=03 -0,06RE-06
2 0.0 9.0
0.0 7.0
1 0.0 2,9
0.0 A0

Wk kkk kb bRk kb ek k&

EVALATION OF DESIGN MIIMBER 4
LA AT L e e e e I L]

-1,%61F=-N02 -3.401E-906
-7.6746E-02 -1,627E-15

J.132R-02 2,551E-06
1.221E-95
-4.684E-02 -2.5518-76
-2,850E-02 -1.221E-05

VOOOUUDDODOVOCLUILVLOOODOOD
e % & ¢ 4 8 e a4 8 % e % 4 ¢ s s e % 4 e & a0
DODIDODODNOANODODIODDIOODODD
DVDADODDOIDOODIOODDODIDIDIOIDIDOD
PP P P N Y R R

VDO VDOMDOODOODODD2IDIODIODOODOODOAOODOO

STRFSS PATTO LOAD TOND DFS VARTARLF

"AX 0.2378E nQ 1
MIN N,1597E-19 1

1
2

XX

DODODOODODIDVODOODDOODDDDAOODD
s e ® 4 o & o o e e 8 o e e % o @ e s g e v * o

DVMDOODOVID2OD200VODIT DIDTODIOODID D

Y

2z

R.2239E-0Qu
3.9239E-04
~5,9975F-04
6.7293E-04
S.9173E-04
5.8019E-08
-3,1197E-04
7.58U4RE~QU
-1.7824E-04
3.9149E-Cu
3.2128E-04
2.9295F~-04
-5.1668E-04
6,1516E=-05
S.C046E-00
-1.3913E-04
0.0

[~ N
[ NN

0.4331F-13
0.1140B~18
-0,2280E-14
-0,2568F-05
-0.2568E-05

ST'IT'H



MAX BOCK RATTOS LOAD COND
0.1093% 01 1
0.10008 01 1

DESTGN TS CRITICAL

STROCTURAL WEYGHT= 0.US58E 03

PEDESTGN OPEFATION FOLLOWS

OPTTIMALITY INDFX OF DFSTGN VARTABLES FOR BUCKLING CONSTRAINTS

DV NN ACT/PAS INDEY
1 ACT 0.1008RE 01
2 ACT 0,9R9SRE 00O
NO, OF ACTIVE BUCKLING CHONSTRAINTS RRE 2

BUCKXLING - CRITICAL DFESIGN HAS CONVERGFD

9T°'1T'N
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N.1.1

N. PLANE STRESS ELEMENTS

N.1 Cantilever Beam of Variable Width
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Figure N.1l.1

Cantilever Beam Showing Element and Node Numbers

The cantilever beam in Fig. N.1.1 is modelled with ten membrane
elements, the thickness of each element being an independent design
variable. The results of DESAP 2 for this particular problem can Be
checked, because an exact analytical expression for the width of an
optimal cantilever beam is available [15].

The material properties were taken as

E 10 x 106 psi (Young's modulus),

0 (Poisson's ratio),

<
il

0; = Gz = 106 psi (allowable stress),

1.0 1b./cu. in. (specific weight).

ke
1]



N.1.2

The allowable stress was deliberately given a very high value, since
we did not want the stress constraints to be active. Factor of safety
against buckling is taken as one, i.e., p* = 1 is used.

A uniform thickness of 0.1 in. was chosen as the initial design,
and no lower limits on the thickness were used. The design history is
summarized in Table N.1.1. The final design, which was reached in
four iterations, can be seen to compare very well with the exact
analytical solution, also given in Table N.1l.1.

The solution for an optimal cantilever beam is somewhat difficult
to extract from Ref. [15]. In the absence of minimum size constraints,

the optimal thickness distribution can be shown to be

2 2
t(x) = —6p—lg (1—;2—) > (N.1.1)

Eb
where P is the desired buckling load, £ is the length of the beam,
and b represents the fixed depth of the cross section. Inserting the

properties of our particular problem, the above formula reduces to
2,,2
t(x) = 0.24 (1-x"/4%7). (N.1.2)
The thicknesses listed in Table N.1.1 are the values obtained from

(N.1.2) at the center of each finite element.

Special notes on input-output:

1) KSCALE = 1 in Design Control Data informs the program that uniform
scaling is an exact operation, i.e., the scaled structure does not

have to be reanalyzed. Note that the stiffness matrix of each



2)

3)

4)

5)

6)

7)

N.1.3

élement has the form [Ki] = [ki]ti (ti = thickness of element).
The layout of elements lends itself well to automatic generation
of element and node data---compare computer printout of input data
with the echo of the data cards.

The loading was prescribed on the data card of element No. 10---
see Processed Element Data. Also note the proper use of Element
Load Fractions (multipliers) and Structural Load Multipliers.

NMODE = 2 in Buckling Control Data asks for analysis of two buckling

modes, which also means that both of the modes are considered in

redesign. Since the design is determined by one mode only, the same
results would be obtained with NMODE = 1, but the buckling analysis
for the second mode would be lost.

INDET = 1 in Buckling Control Data declares the internal forces of
the prebuckling state to be statically determinate. Consequently,
the geometric stiffness matrix of the structure does not have to
be updated after each redesign cycle.

It is important in this problem not to suppress the incompatible
displacement modes of the elements. The incompatible modes enable
each element to undergo pure bending deformation, thereby greatly
increasing the accuracy of buckling analysis. (see Element Control
Card for plane stress elements in Vol. 1).

The design was terminated when the Optimality Index of each element

was sufficiently close to one (see Evaluation of Design No. 4).



N.1.4

Exact
Critical, Scaled Designs Solution
Element (thickness in inches) Ref. [15]
0 1 2 3_ 4
1 .1939 .2348 .2357 .2381 .2389 .2394
2 ,-1939 .2283 .2309 .2333 .2341 .2346
3 .1939 .2159 .2213 .2237 .2244 .2250
4 .1939 .1989 .2067 .2092 .2100 .2106
5 .1939 .1789 .1872 .1900 .1908 .1914
6 .1939 .1578 .1625 .1660 .1668 .1674
7 .1939 .1378 L1331 L1371 .1380 .1386
8 .1939 .1207 .1010 .1032 .1043 .1050
9 .1939 .1084 .0715 .0650 .0659 . 0666
10 .1939 .1019 .0531 .0313 .0242 .0234
Wt (lb) | 96.94 84.17 80.14 79.84 79.86 80.00
Table N.1.1

Design History of Element Thicknesses

and Total Structural Weight.



V9200 123456789A1234567891B123456789CE23456789D123456789K123456782F123456789G123456789H
09250 CANTILEVER BEAD~BUCKLLING ANALYSTS AND OGSIGH USING UNIFORNM HEMBRANL ELEMENT
v9300 22 I 1 10

09350 b 1 0,025 1 1 1

09400 i i t ~1 -1 -1 -1

09450 2 1 1 5.0

UY500 3 10.

09550 21 100. 2
09600 4 10. 5.0

09650 22 i 1 | I oo, 5. 2
n9700 3 1o 1 i 2

097590 1 1 1.0

09800 10000000. 0.0 1000000,

09850 1.0

09900

09950

1v000

fouso 1 1 3 4 2 ] 1

10100 2 3 5 6 4 1 2

19150 3 5 7 8 6 ! 3

10200 4 7 9 10 8 1 4

10250 5 9 It 12 10 1 5

w300 J Il 13 14 b2 1 L}

10350 7 13 15 16 14 1 7

1o400 8 15 17 18 16 1 4

10450 9 17 19 20 18 1 Y

10500 iv 21 22 20 19 1 lu tooo.
10550 1.0

Joeuo 1.0 2 1 2 0.5 v.8

1y650

10700 10 0.t

10750 123456789A123456789B123456789C123456789N123456789E123456789F12345678961234567891
1100

Echo of Input Cards
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CANTTLEVER DBPAM-DINCKLTNR ANALYSTS AND CESIGN 1SING UNIPORPM HWEMBRANE RLEMENT

NUMBER OF NODAL POINTS - 22
NUMBER OF ETLEMENT TYPERS = 1
NIIMBER OF LOAD CASES = 1
HUMBFR OF DES, VAFIABLES = 10

DESTGN CONTROL DATA

NCYCL = 6
ESCALF= 1
DELTA = 0.2500®-C1
EPSTL = 0,1000F 00
Lpner = 1

NADAL POTNT INPHT DATA

Hnone® ROUNDARY CONDITTON CODES /ee====HONAL POINT CNORDINATRES=<ececca/

NUMBER X Y 7 XX Yy 2% X Y 2 T
1 1 1 =1 =t .1 -1 0.0 0.0 0.0 0 0.0
2 1 1 0 0 n 0 N0 5,000 0.0 0 0.0
3 0 0 ¢ 0 0 0 10,000 0.0 0.0 0 0.0
21 0 ¢ 0 0 0 0 100,000 0,0 0.0 2 D.0
[ n 0 0 0 0 0 10,000 5.000 n.0 0 0.0
22 0 0 1 1 1 1 100,000 5.N00 0.0 2 0.0

GENFRATED NOPAL DATA

NODEI RONNDARPY CONDITION CODES /=e==esNODAL POTNT COORDTNATES==v=vea=/

LUL LA . 4 Y 4 xx Y tAd X A 4 Z T
1 1 1 -1 -1 -1 =1 0.0 0.0 0.0 0.0
2 1 1 a1 et et - r.0 5,000 9.0 0.0
3 ¢ 9 -1 -1 =1 -1 10.000 0.0 0.0 0.0
[] 0 N =1 =1 -1 -1 10.000 5.000 0.0 0.0
) 0 n -1 -1 -1 -1 20.000 0.0 0.0 0.0
f00 0 -1 -1 =y -1 20,000 5,000 0.0 0.0
700 0 -1 =1 -1 a1 30,000 0.0 0.0 0.0
B 0 0 =1 -1 -1 =1 30,000 5.000 0.0 0,0
9 o Q -1 -1 -1 -1 ug,o0nn Q.0 0.0 0.0

10 0 0 -1 -1 =1 -1 un,0nn S.000 0.0 0.0
11 0 0 -1 -1 -1 -1 50.000 0.0 0.0 0.0
12 0 0 =1 =1 -1 =1 50,000 5,000 0.0 0.0
11 0 0 -1 -1 -1 =1 0,000 0.0 0.0 0.0
14 0 n -1 =1 -1 -1 60,M0 8,000 c.0 0.0
15 0 0 -1 -1 -1 -1 .00 0.0 0.0 n.0
16 0 n =t =1 -1 -1 70,000 5,0n¢ n,n 0.0
17 n 0 -1 -1 -1 -1 RA,NAGQ 0.0 0.0 Q.0
1R 0 0 -1 -1 -1 -1 0,000 5,0nn .0 0.0
19 0 n =1 -1 -1 -1 90,010 A0 n,n 0.0
20 0 n -1 -1 -1 -1 9r,pnn 5.000 0.0 0.0
21 0 0 =1 -1 -1 -1 100,900 0.0 0,0 0.0
22 n n 1 1 1 1 me,.00n S.0n0 C.n 0.0
FOUATTON NUMPEPS Computer Printout

(Input data, the initial design and the final design only are reproduced)

9°1°N
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NUMBER OF MEMRRANE ELEMENTS

CONSTRUCTINN XONF

NUMBER OF MATEPIALS

MOMBER OF TEMPS FNR HNTCH MATL PROPS GIVEN

MATFEPIAL PPOPERTY CAPDS

- -

MATL NO OF SPECTIFIC YOUNGS POTSSONS
NRR T=2MP WFIGHT TEMPERATIRE MCDNLUS RATIO
1 1 0. 1000T N1 9.0 C. 1000 08 0.0

ELEMENT LOAD FRACTTONS

T.OAD CASE TEMPERATPRE PRESSURE  X-DIRECTICN Y-DIRECTION Z-DTPECTION

L} 0.0 1.000 0.0
B 0.0 0.0 [
C 0.0 n.90 e.n
D 9.0 N.0 f.n

PROCESSED ELEMENT DATA

ELEHT/=vo~m=— NODNFS--=-~ =//7-1ID N3OS~/ PFS VAR

NUMBR T J X L MAT DY FRACTION
1 1 3 4 2 1 1 0.1000F 01
2 3 5 [ 4 1 2 0,107CE M
3 5 7 A 3 1 3 n.1007°F 01
4 7 Q 10 B 1 4 0.10N0FE 01
s Q 11 12 M 1 5 0.10008 M
6 LR 13 10 12 1 6 0.1n00F 01
7 13 15 16 1 1 7 0,100ME 01
f 15 17 1R 16 1 A 0.100CE 01
R 17 19 2n 11 1 9 0N.1000F N1
10 21 22 20 19 1 10 0.100CF M

STRUCTURS STRUICTURE LOAD MULTIPLIERS

LPAD CASE A A c
1 1.000 0.1 0.0

BUCKLTNG CONTROL DATA

COEBPFT = 1.00000

MODEIN = 0

NHODE = 2

TNDET = 1

Nv=C = 2

ALPA = ¢.500C0

NMRGA = n, 872000

NODAL POIRT TLOANS

NODE LNAD APPLIFR LOMDS

MO, CASE RX RY nz

0.0 0.0
n.o ¢c.0
n.¢ 0.2
0.0 0.0
RFFEFFNCF
TFRP PRESSURE
0.0 0.9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 n.0
0,0 7.0
0.0 0.0
0.0 0.0
0.9 0.0
0.0 n,1000D Co
My

THEPH EXPWN

QDO ODODQ
o o e 4 o e % 4 0
DODOODO0O0IDO
- W W W W W
P PWVWVDODP O

ALLOVABLE STRESSES=«s-=cvew=e/
COMPRESSION SAERR

0.10C0E 07 0.1000E 07 0.0

BAND
¥DTH

8°T°N



DESIGN VARIARLE INPUT DATA

PESTGN
YARIABLF IRITTAL NTN ALLOWARLP
NUMBER VALUE VALIE

9. 1000P OO
0.1000F €0
n.1000° 00
N.1000% 00
0.10C0F 00
n.1000° 00
0.1000F 00
N, 1000F 00
0.10P0F 00
0.1000E 00

IO D2V D

SODNANE WN -
DDOSDO DDIDIMNO
¢ ¢ o e e w8 e .

-

TOTAL NNNRER OF BEQUATIONS
BANDRIDTH

NUMBFR OF EQUATIONS TN A BLOCK
RUMRFR OF BLOCKS

noiuau

6°T°N



kAR kR kbR

ANALYSIS OF DRSTGN RUMBFR 0
el ok R RO RO

NODAL DISPLACEMPNTS AND ROTATTONS

NODE LOAD

¥0.
22
21
20
19
1R
17
1f
15
1
13
12
1"
10

CASF

1

1

VALUES OF

X

-1,0008-01
=1,NM00F-01
~9,000F~02
-9,000R-02
-A,000E-02
-8.000R-02
-7,000P=02
-7.000R=02
-6, 000F-02
-6.000R=02
~5.0008-02
-5.000F=02
~4,000R=02
~4,000E=02
-3,000F-02
-3,0008-02
-2,0008-02
-2,N00P-02
-1,000F-02
-1.0008-02
0.0
0.0

Y

-2,1108-13
-2, 110813
-1,814E=13
<1.R18%-1)
-1,%208-13
-1,5202-13
-1,231%-13
-1,2318-13
-9,5518-14
-9,551R-14
-5,9948-14
-6.9948-14
-4, 714R-14
-4, 714F-18
-2,786R-14,
-2,786P-14
-1,2962-18
=1.2968-18
-3, 368215
-1, 368E-15
0.0

0.0

PESTGN VAPIARI®S

1

2

k4

XX

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9

0.0

Y

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
n,o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
e,0

0.0

k44

10
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¢ 0.1000F 00 Q.1002E 00 0,12C0F 00 0,.100CFE 20 0.1920F 00 0.1NC0E 00 0.1000FE 00 N,1200® 00 0,100CF 60 0, 1000E 00

ANALYSTS OF MEMBRANE FLEM®ENTS, CONSTRN CODE= 2
SHEFET LOAD /~--MEMPPAKE FOPCES TN LOCAL CCORDS---//--MEMBRANE PORCES TN MATERIAL CCORDS-/
FLEMERT THICKNFSS COND  LOCATION NXX NYY NXY LRA N22 N12
1 7.1000% 00 1 CPN -0.10CCR 08 -0,100T7F-13 -0, 1073E-03 -0,1C00E 04 -0.1007E-13 -0,1873E-03
2 0.1000F 00 1 CENW -0.10CNE NU 0,1917F-18 -0.3914F-C3  -0.1000F 04 0.1917g-14 ~-0.3914E-03
3 0.1000E €0 1 CEN -0.1000% (U 0.,405A5E~13 -0.4R08F-03 -0.1C00E 04 Q,4565E-13 =-0,4808E-03
4 ¢,1000F 0NC 1 CTN -0,1000E OB N,1156F-12 -0.3RU0E-C3 -0.1000F 04 0.1156E~%2 =-0,3RU0E-C3
5 0. 1000E 00 1 CEN -0.1000F 08 0.1364E~-12 -0,3R91E-02 ~C.1000E 04 0. 1364E-12 -0,3891E-02
6 0.1000F 00 1 CEN -0.1r00E Cu 0.2056E~-12 ~-(.37%04E-02 -0.10NNE OB 0.2056B-12 -0.379u4p-02
7 0,1000E 00 1 CEW ~-0.1000E CU 0.17%8F-12 -0.2419E-02 -0.10008 04 0.175RE-12 ~0,.2819e-02
! n.1000%° 00 1 CEN -0.1007E 04 -0,9515E-14 -0, UN06E-02 -0,1C00F O4 ~-0,9515E-18 -0,8006F-02
o 0.1000F 00 1 CEN -0,1000E 04 -0.%7S7E-13 -0.2R62E-02 -0,.1000B O% -0.5750%-13 -0,2862E-02
10 N.100CF N0 1 CEN 0.4745F-13 ~0.1700F 08 C.2921E-02 N.47R5E-13 -0, 10CCE 04 0.2921E-02
BUCKLING LOAD PAPAMETERS
0.51577p 0C 0.47693p 01
BUCKLING MODFE SHAPFS
NODF MONE X Y 4 XX Yy %
ND.SIHAPF
22 1 5.013E-C3 -1,275e-01 2.0 n.0 0.0 0.0
‘ 2 5,132E-03 u,278R-02 3.0 0.0 0.0 0.0
21 1 -5,013F-03 -1.275E-91 2.0 n.0 0.0 0.0
2 -5.132F-03 4.278%-02 9.0 n.o 0.0 c.0
20 1 4,951¢=-03 =1,C7SE~01 2.0 0.0 .0 0.0
2 4,570E-01 6.228E-02 .0 0.0 0.0 0.0
19 1 -4,951g-03 -1,078%-01 2.0 .0 n.¢ n.0
2 -4,570E-73 6,228E-02 2.0 a.¢ 0.0 0.0
18 1 8.76AF-03 -9,A07E-02 9.0 n.0 .0 0.0
2 3.009E-03 7.751E-02 0.0 n.e 0.0 o.¢
17 1 -4.,768E-"3 -3,ANTE-22 0.0 n.0 n.0 0.0
2 -3.009E-03 7.751F-02 0.0 n.0 0.0 0.0
16 1 B,4677-02 =-£,959%-02 9.0 n.0 e.0n 0.0
: 2 T.912R-08 A,514E-02 2.0 0.C 0.0 .0
15 1 =-U.467FR-03 ~6,9%0E-02 9.0 n,n 0.0 .0
2 =7,9%12F-Ci A,514r-02 2.0 n.o n.o c.0
14 1 4,056F-03 -%5,2547-02 7.0 3.0 0.0 0.0
2 -1,595F-03 8,353%-02 2.0 0.0 0.9 0.0
13 1 -8.0RAR-03 =5,254F-02 7.0 0.0 ¢.0 e.0
2 1,5805r-03 a,1537-02 0.C 2.0 n.n 0.0
12 1 3.5057-03 -3,73%E8-02 2.0 e.n .0 .0
2 =-3,629F-013 7.303r-02 .0 n.n c.n 0.0
11 1 =-3,545F-03 -3,7313R-02 0.0 n.0 0.0 0.0
2 3.629F-03 7.303R-02 3.0 0.0 f.n 0.0
10 1 2.946F-01 -2,834R-22 2.0 n.e 0.0 n.0
2 -U8,RRRE-03 5.595F-N2 n.e 0.n c.n n.0
9 1 -2,906E-03 -2,434R-02 .0 0.0 ¢.0 c.0
2 u4,REAE-03 5.595F-92 1.0 n,n 0.0 n,0
8 1 2.27AF=03 ~1,309%.0)2 2.0 n.0 0.0 c.0
2 -5,046F-01 31.6032-102 2.0 A £.n 0.0

gI'[']f'N



7 1 =2.276E-93 -1,3R9F-92 7.0 0.0 0.0
2 S5.0U6R~-C 3. 603E-N2 9.0 0.0 0.0
€ 1 1.549E8-03 -R,238F-03 3.0 n,0 e.n
2 =4.,128%-C3 1.760%2-92 7.0 n.r n.9
5 1 -1,549F-03 =-6,239%E-013 7.0 n.o 0.0
2 4,128E-03 1. 760E-02 0.0 0.0 0.0
L} 1 7.842%-00 -1.5698-03 9.0 0.0 0.0
2 =2,314F-03 4,f512-213 3.0 0.0 0.0
3 1 -7.842E-04 -1,569E-13 n.c n.o 0.0
2 2,114F-03 4.R51E-03 2.0 0.0 0.0
2 1 0.0 n.0 .0 nf.0 9.0
2 c.0 a.0 n.0 0.0 0.0
1 1 c.n 2.0 2.0 n.0 0.0
2 0.0 7.0 7.0 0.0 g.n
hkRR RSk R kR kR kR kK kRN
EVALUATYNN OF DESTGN NUMBPR n
E L T L P S e R L L
STRESS PATIO LOAD COND DES VARTARLE
MAX 0,1000E-n1 1 1
Lagd 0.1000R-01 1 n
MAY BUCK RATIOS LCAD COND
0.1939F 01 1
0.2097E 00 1
UNTFOPM™ SCALTNG OPEPATION FOLLAWS
SCALE FACTOR IS 1,939AND DETERMINED PY RUCKLING CONSTRATNTS
DESIGY VARIAPLES OF SCALFD (CRITICAL) DESIGMN ARF
VALNES OF DESIGN VARTABLFS
1 2 3 4 8

¢ 0.1339g CC 0.19729p NG 0,1939¢ 29 N,1939F 0C 0, 1939E 90

STRUCTHRAY. WETGHT= 0,9694% 02

REDESTGN OPERRTINN FCILNYS

OPTYMALITY INDRX OF DESIGN VARTARLRS FNR BOCKLTNG CONSTRATNTS

PV NO ACT/PRS INDEX
1 ACT 0. 132527 01
2 ACT 0, 126092 01
3 ACT G. 113A2F 01

« s 4 e o o

DODDOIDDODDOODD

DDODDDDODODDDO

6

N.1939F% 00

7

0.1939g 00O

R

0.19398 09

9

0.1932E 00

10

0. 1239 00

ZI'T'N



ACT
ACT
ACT
ACT
ACT
ACT
ACT

DO AE

-

0.96951%
0, 77117®
£,56262F
C.36420F
0,19557%

0.72993F-
0.855128-

on
0a
non
na
co
01
02

¥N. OF ACTIVE BUCKLING CONSTRATNTS

AFE

ET 1I°N
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ANALYSTS OF DESIGM

NUMAFP 4

ok e e okl ol K Rk ok ok ke kol ki ko kR Rk

NNDAL DPTSPLACIMENTS AND POTATTIONS

NODE LOAD
N0, CASE
22 1
21 }
20 1
19 1
18 1
17 1
16 1
15 1
1 1
13 1
12 1
11 1
10 1
9 1

f 1

7 1

€ 1

5 1

u 1

k] 1

2 1

1 1
VALUFS OF

X

-1.0237-01
-1.023%-01
-6,M93F-02
-6,N93F-02
-4,575F-02
-4.575F-02
-31.A16R-02
=3.616F=02
-2.891E-02
-2.R91E-02
-2.292F-02
=-2.20928-02
=1,76AF-N2
-1,7f8%-02
-1.2917-02
=1.291g-n2
-8,459g-03
-B8.459F-01
-4,187E-03
-4,187E-03
0.0

o.n

Y

-31.957E-14
-1,957%-14
-1, 197R-118
-1.397R-18
-2.842E~10
-2.8428-114
-2.2946F-14
-2,296F-14
-1.772R-14
-1,772%-14
-1.2938-14
-1,293E-14
-9,70RF=-15
-A,708E-15
-5.137R-15
-5, 137R-15
-2.,390g~15
-2.390E-15
-6.2U5F-14
-F 24RE-16
N.9

n,n

DESIGN VARTABRLES

1

2

XX

YY

27

10
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0 0.2388E 00 0.2341F 00 0.224%E 00 ¢,2100F 00 0,1908F 0C 0.1668E CO 0,1380E 00 C.1043E 00 0.6585E-01 0,2018F-01

ANALYSTS OF MEMBRANE ELEMENTS, CONSTRN CODF= 2
SHEET T.OAD /==-MEMPRANE FORCFS TN LOCAL COORDS---//--MEMRRANE FORCES YK MATERIAL COORDS-/
ELEMENT THICKNFRSS COND  LOCATION NXX NYY NXY N11 N22 N12
1 0.2389F 00 1 CRN -0.10N0F 04 0.4035E-13 -0.1602E-03 -0.1000E OB N.4035E-13 -0,1602E-03
2 0.2341F 00 1 CEX =0.19C02F 04 0.2325E-13 -0.2607E-03 -0.1CN0E CO 0.2325E-13 -0,2607E-03
? 0.22b4F 0C 1 C=N -0,10€C0F f4 =N, 1590E-13 -0,4477E-03 -N,1000F N4 -0,1590F-13 -0.4477£-03
4 0.2100F €O 1 CEN -0,1007E C4  -0,1171E-13 -0,4211E-03 -0.1000E O4 -0,1171E-13 -0.4211E-03
5 0.190RE 00 1 CEN -0.10N9F O -0,2293F-13 -0.3463F-03 -0.1070E 04 -0.2293E-13 -0.3463E-03
6 0.16AARE 00 1 CEN -0.1000% Qu 0.77%1E-13 -0,.2649E-02 -0.1000E O# 0.7751F-13 =~0,2649E-02
7 0.1380E 00 1 CEN -0, 1000E Ou 0,1059F-12 ~-0,7539E-03 -0,10N0F 04 0.1059F~12 ~0,7539E-03
! 0.1043F 00 1 CRN =0.1900F 04 0.168TE-12 -0,9089E-03 -0.1000E Q4 0.1647E-12 -0,9C89E-03
9 0.6585E-01 1 CEN =N,1097E 04 0.3236E-14 -0,U4662E-03 -2,1C00E O4 0.3236E~14 -0.8662E-03
10 0.2418€8-C1 1 CFN -0,691UE-T4 -0,1000® D8 -0,6347E-04 -0.6914E-14 -0.1000E 08 -0.6347E-04
BUCKLING LOAD PARAMETFERS
£.99923p 00 n.62CA90 01
BUCKLING MODE SHAPFS
NONE FODE X Y (4 XX Yy 2%

EN.SHAPE

22 1 -6.097E-03 1.227E-0 9.0 n.0 .0 0.0
2 B8.7u2r-03 u4,7u3F-02 3.0 n.n 0.0 0.0

21 1 f.0072-03 1.227F-01 2.C 0.0 0.0 0.0
2 =R,7u2E-N3 ", 743E-02 2.0 n.n (U] 0.0

20 1 -5.518%-03 9,935E-02 2.0 2.0 0.0 0.0
2 4,509R-03 7.462E-02 2.0 0.¢ c.n r.0

19 1 5.51RE-03 9.935E-02 n.o n,o 0.0 0.0
2 -4,5095-03 7.462E-02 0.0 0.0 0.0 c.0

1R 1 =4,903r-N3 7.RU8E=-D2 n.0 0.0 0.0 0.0
2 f8,356E-04 1,5418-02 0.9 0.0 0.9 0.0

17 1 4,902g-03 7,R4RE-02 2.0 0.0 r.o o.c
2 =-8,356%-C4 a,501E-02 0.0 0.n c.0 0.0

1€ 1 -4.289F-013 €.N07E-02 2.0 n.0 0.0 0.0
2 =1,79F-03 A,34RE-02 0.0 n.n 0.0 0.0

15 1 4,2898-n3 6.097E-N2 n.C 0.0 .0 0.0
2 1.796AE-03 q,3488-92 n.0 8.0 0,0 0.0

14 1 -3.676E-03 $.413R7-02 7.0 0.0 n.o 0.0
2 =3,449%-n3 7.294E-02 n.o n.o 0,0 0,0

1 1 3.676E-03 4.413IR-02 7.0 0.0 c.n .0
2 3,UU9F-N3 T.2947-02 7.0 0.0 r.0 e.0

12 1 -3,0632-03 1.0647-02 7.0 n.g c.0 c.0
2 -4,2357-M3 5.751F-02 g.0 n,o 0.0 c.0

il 1 1. 062E-03 T, NRUE-N2 n.0 0.0 c.n n.o
: 2 4,2357-03 S5.7518-02 J.0 n,n 0.0 0.0
10 1 ~2,u8NE-03 1.9/1P-N2 2.0 c.n c.0n 0.0
2 -4,2R%E-02 4,042R-02 2.0 n.n a.n o0

9 1 2,4507-01 1,911-02 a.0 n,n o,n 0.0
. 2 4,2R85r-03 u,nu2r-02 2.0 n.n .0 r.0

8 1 ~1,838E-NM3 1.133=8-92 7.0 n.o n.n 0.0
2 =3.,74CR-03 2,47322-02 .0 n.0 n,c r.o

STI'T'N



7 1 1.R3RF-01 1. 103AR-02 2.0 n.o 0.
2 3.740F-03 2.632R-12 2.0 a.n 0.
6 1 -1.225e-03 4,9038-01 0.9 0.0 0.
2 -2,745%7-03 1.111E=-02 0.0 1,0 0,
5 1 1.225E-03 4.903E-0N3 7.0 n.0 c.
2 2,745E-03 1.131e-92 2.0 0.0 0.
4 1 -6.126B-04 1.2262-03 2.0 0.0 0.
? -1.448g-03 2.904=-03 .0 n.0 0.
3 1 6.126E-CU 1.226E-03 3.0 c.0 Q.
2 1.448E-07 2,904F-013 2.0 0.0 0.
2 1 0.0 3,1 J.n 0.0 0.
2 c.0 2.0 2.0 0.0 0.
1 1 0.0 2.¢ 0.0 0.0 2.
2 0.0 7.0 2.0 0.0 c.

AEEhk bk bk kR Rk k ok akk

FYALUATTON OF DESTGHN NUMBWP 4
L e e T Y]

STPESS RATIN LOAD COND DES VARTARLE
MAX 0.4135E-01 1 10
MTN 0,41A7F-02 1 1

MAXY BUCK PATINS LNAD COND
0.1001F 01 1
N, 1611 OO0 1

DESIAW TS CRITTCAL

STRICTUPAL WETGHT= 0,7986% 02

REDESIGN OPFPATION FOLLOWS

OPTIMALTTY INNEX OF DFSTGN VARIAALES FOR RICFLING CONSTRATNTS

DV NO ACT/PAS TNDEY
1 ACT 0.10212% 01
2 ACT 0.19712% 0
k] ACT 0.100142 921
4 ACT 0. I1NN1AZ N1
5 ACT 0.10020% 99
6 ACT 0. 19N26% N4
7 ACT 0.10737F 01
R ACT 0. 170607 N1
9 ACT 0. 101218 01
1" ACT n.n3201% 90
N0, OF ACTIVF BNCKLING CONST ATNTS Apr 1

BUCKLTNG = CRTITICAL DESIGN HAS CCHVERGPD
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0.1.1

0. SHEAR PANEL ELEMENTS

0.1 Cantilever Beam of Plate-Girder Construction

Figure 0.1.1 shows a plate girder modelled with bars and shear
panels. This problem is quite similar to the cantilever beam in
Sec. N.1, except that now the shear deformation of the web has a
significant effect on the buckling load.

Each shear panel is sized independently, but symmetry conditions

are imposed on the bar elements that make up the flanges: A1 = A2,
A3 = A4, v A19 = A20. In addition, all the transverse bars are to
be of the same size, i.e., A21 = A22 = ... = A30' The design variable

numbers of the elements can be found in Table 0.1.1.

The design data used in the program is listed below.

Material properties:

E(psi) | v | of=o%(psi) | o*(psi) 0(1b/in>)

Shear panels 200 0 - 3000 1.0

Bars 400 - 5000 - 1.0

Element sizes:

A A*

7 (initial) (minimum)
Shear panels (in) 0.1 0.01
Flange bars (inz) 2.0 0.1
Transv, bars-(inz) 1.0 0.1




0.1.2

Local buckling of all the elements is to be neglected in the design.

The design history is summarized in Table 0.1.1. Each design
was governed by constraints on global buckling and the element sizes,
i.e., the stress constraints never became active.

After six redesigns, the convergence criteria are not yet satis-
fied, although no decrease in structural weight occurred in the last
three design cycles. The difficulty can be identified by inspection
of the optimality indices in Evaluation of Design No. 5: the indices
of all design variables, except that of No. 11 (shear panel No. 1),
are within the acceptable limits, i.e., only that one element fails
to satisfy the optimality criterion.

Additional design cycles would not bring an improvement, because
we have encountered a fairly common convergence difficulty: oscilla-
tion of the design about the optimal point due to relaxation factor
that is too large (o = 0.5 was used). The oscillatory behavior can
be observed in Table 0.1.1, where design variable No. 11 is seen to
fluctuate from design No. 3 onwards; an even better indication is

the optimality index of the element, shown below.

Design Number

0 1 2 3 4 5

Opt. Index of
Des. Var. 11 0.0301 | 0.1517 | 0.6261 j 1.3781 | 0.7076 | 1.2672

The design would converge readily if the procedure recommended in

Sec. D.1 of Vol. 1 is followed. It was suggested that the ''normal"
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r
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value of the relaxation factor o (in our case a = 0.5) is to be used
for a few design cycles, after which the designs are to be evaluated
so that appropriate changes to o can be made. In the current problem,
the oscillatory character of the solution could be diagnosed after
three redesign cycles, calling for an increase of a (under-relaxation).
With a = 0.7, the problem would probably converge after a few additional
design cycles. The optimal design, however would have essentially the
same weight as the final design in Table 0.1.1.

Two checks of DESAP 2 can be made using this problem. First, an
analytical solution for the buckling load of the initial design is
available on p. 132 of Ref. [13]:

P
P =-S5 (0.1.1)

cr 1+nPe/(AG)

where Pe is the critical load without shear deformation of the web
(Euler buckling load), A and G are the cross-sectional area and the
shear modulus of the web, respectively, and n represents a shape
factor {(n = 1 for our case). For the problem at hand, we get
Pe = 1.579 1b. and Pcr = 1.364 1b., which compares favorably with
Pcr = 2 x 0.6834 = 1.367 1b. obtained from DESAP 2 (see Buckling
Load Parameters of Design No. 0).

The second check is obtained by comparing the final cross-

sectional areas of the flange elements with the analytical solution

of Ref. [15], as was done in Sec. N.1. For this specific problen,
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the optimal flange area can be shown to be
2,,2
A(x) = 3.125 (1-x7/%7) . (0.1.2)

Since (0.1.2) does not include the weakening effect of shear deforma-
tion, the cross-sectional areas obtained from DESAP 2 should be some-
what ‘larger, which they are indeed, as can be seen in Table 0.1.1.

Special notes on input-output:

1) NSCALE = 1 in Design Control Data informs the computer that uniform
scaling is an exact operation, since the stiffness matrix of each
element has the form [Ki] = [ki]A?, where n = 1.

2) Extensive use was made of the automatic generation of nodal and ele-
ment data.

3) Local buckling of bars was eliminated as a design consideration by
leaving the moments of inertia blank on the Geometric Property Card
of the truss elements. Since the computer replacés the blanks by
106, the Euler buckling load of each element is too high to govern
the design.

4) By setting ISU = 0 (see the Boundary Condition Code in Processed
Element Data), local buckling of the shear panels was excluded
from redesign equations.

5) NMODE = 2 in Buckling Control Data requests the use of two buckling
modes in the redesign process. Because only one mode governs,
an identical design would be obtained with NMODE = 1, but all in-

formation pertaining to the second mode would not be available

in the computer printout.
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6) INDET = 1 informs the computer that the prebuckling state is

statically determinate. Consequently, the geometric stiffness

matrix of the structure does not have to be updated after each

redesign.



a) Node numbers and element numbers of shear panels
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b) Element numbers of bar elements

Figure 0.1.1

Layout of Plate Girder Showing Node and Element Numbers
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e

1.7
*
. s . 'S
b - Critical, Scaled Designs o
= M [~E] +
-2 g2 L. ey
85 = 5 =
= m 2 0 1 2 3 4 5 6 g
1 1,2 |2.923 | 3.045 | 3.273 | 3.318 | 3.346 | 3.345 | 3.348 | 3.117
2 3,4 12.923 | 2.981 | 3.189 3.235 3.256 3.260 | 3.259 | 3.055
<3 5,6 2.923 | 2.858 | 3.029 3.087 | 3.105 3.110 | 3.109 | 2.914
5l 4 7,8 12.923 | 2.690 | 2.801 2.877 { 2.892 | 2.897 } 2.896 | 2.742
.15 9,101 2.923 | 2.493 | 2.509 | 2.604 | 2.616 | 2.622 2.621 2.492
a1 6 11,12 | 2.923 } 2.285 | 2.162 2.267 | 2.277 | 2.284 | 2.284 | 2.180
= 7 13,14 | 2.923 | 2.087 | 1.778 1.864 | 1.876 1.884 1.884 1.805
gl 8 15,16 | 2.923 1.192 | 1.395 1.396 1.412 1.421 1.422 | 1.336
a1 9 17,181 2.923 | 1.797| 1.074 | 0.888 | 0.885 { 0.895 | 0,897 | 0.867
10 19,20 | 2.923 1.733| 0.887 | 0.493 | 0.340 | 0.310 | 0.309 | 0.305
121 1 21-30}1.461 | 0.862 | 0.431 0.216 | 0.108 | 0.100 | 0.100 -
~111 1 1.461 .0888 .0512 .0416 .0495 .0422 .0479 -
al12 2 1.461 .1092 .0989 .0935 .0955 .0950 .0950 -
2113 3 1.461 .1479 .1545 .1434 .1456 .1451 .1450 -
n|l4 4 1.461 .2012 .2065 .1939 .1958 .1951 .1950 -
o|15 5 1.461 .2639 .2566 .2448 .2458 .2452 .2449 -
gl16 6 1.461 .3298 .3053 .2962 .2960 .2953 .2949 -
117 7 1.461 .3925 . 3507 . 3480 .3461 .3454 .3449 -
S3l18 8 1.461 .4458 . 3896 .3991 .3963 .3955 .3949 -
2119 9 1.461 .4458 .4185 .4450 .4458 .4457 .4450 -
“120 10 1.461 .4845 .4338 .4745 .4854 .4933 .4949 -
Weight (1b.) 164.4 135.5 121.5 119.0 117.8 117.9 117.9 -
*Neglects shear deformation
Table 0,1.1

Design History of Element Sizes and Total Structural Weight




24950 123456789A1234567891B123456789C123450789D1236456789512346456789F123456789G123456789N
25000 BUCKLING DESIGM ~ SHEAR PANEL AND TRUSS ELEMENT

25050 22 2 1 21

25100 6 3 L g.02% 1 1 Lo0.6
25150 1 1 1 -1 ~1 ~1 -1 ~0.5
25200 2 i ! 0.5
25250 3 2.5 -0.5
25300 21 25, ~0.5 2
25350 4 2.5 0.5
25400 22 25. 0.5 2
25450 1 10 t t L 1

25500 1 ToL.0

25550 40, 5000. 5000.
25600 1 0.5

25650

25700

251750

25800

25850 2 2 4 ! 1 1

25900 4 4 6 1 1 2

25950 6 6 5 1 1 3

26000 3 8 10 1 1 4

26050 lu 1 12 1 1 5

26100 12 12 14 1 1 6

26150 14 14 16 i \ 7

26200 I6 s 18 1 1 3

26250 14 18 20 i 1 9

20300 20 20 22 1 1 10

26350 v 21 22 i 1 21 2
26400 4 10 1 1 I

20450 1 1 t.

26500 200, Jo00.

26550

260600

26650

26700 1 1 3 4 2 1 11

26754y 2 3 5 [} 4 1 12

26800 3 5 7 3 6 1 13

26850 4 7 Y 1 8 1 14

26900 5 9 1 12 10 1 15

26950 6 1t 13 14 12 1 16

27000 1 13 15 1A 14 1 17

27050 3 s 17 18 16 1 18

27100 9 17 19 20 18 i 19

27850 iv 19 21 22 20 i 20

21200

21250 1.v 2 1 2 0.5 0.8
27300 21 1 -1,

27350 22 L~

274500

27450 1y 2.0 0.1

27500 20 0.1 0.0l

27550 21 1.0 0.t

27600 12345678Y9A1234567R8YB123456789C12345678901 23450 789E12345078YF12345678901 23./1 367891
27650

Echo of Input Cards
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RUCKLING DESTGN - SHEAR DPANFL AND TRUSS ELEMENT
NUMAER OF NNDAL POINTS = 22
NIMRER NF ELEMENT TYPFS = 2
VUMREFR OF LOAD CASES = 1
NUMBER OF DES., VARIADLFS = 21
DESIGN CONTPOL DATA
NCYCT = 6
KSCALE= 1
DEL™A = 0,2500E-01
FPSTL = 0.100C% 0C
LRUCK = 1
NODAL PCTNT INPUT DATA
NODE ROMNDRRY CONDITION CODES fomm——- NODAL POTHET COORNINATES==<======~/
NUMBRFR X Y 7 Xx Y 77 X Y z h
111 -1 -1 a1 - 0.9 -0.500 0.0 0 0.0
? 1 1 o 0 n n 0,0 Q.5nQ 0.0 a 0.0
3 0 0 0 0 n 0 2.500 =-0.,500 0,0 [ 2.0
21 ¢ 0 0 0o o0 0 25,000 -0.500 0.0 2 0.0
s 0 0 o0 ¢ ¢ 0 2,500 0.500 0.0 0 0.0
22 0 0 n ¢ N 0 28,000 0.500 0.0 2 0.0
SENFRATED NNDAL NATA
NODE BOUIRDARY CONDPITTION CADES fmm———- NCNPAL PCTNT CONRDINATES-===~--- /
NIIMPER X Y Z xx Y 77 X Y % T
1 1 1 -1 -1 -1 -1 n.o -0.50¢C 0.0 c.0
2 1 1 -1 -1 -1 -1 n,o n,R0n0 0.0 0.0
3 0 0 -1 -1 -1 -1 2,500 -0,50C 0.0 0.0
u 0 1] -1 -1 -1 -1 2,500 n,50n 0.0 0.0
5 9 n -1 -1 -1 -1 e.00n -0.%00 0.0 0.0
600 0 -1 -1 -1 -1 5,n0A 0,500 0.0 0.0
7 0 0 -1 -1 -1 -1 7,500 -0.50¢ 0.0 9.0
8 0 0 -1 -1 -1 -1 7.500 0,500 .0 .0
9 ¢ 0 -1 <1 =1 -1 10,000 -0.500 0.0 0.0
10 0 o. -1 -1 -1 -1 12,070 0.500 0.0 0.0
M0 0 -1 -1 -1 -1 12,500 -0,500 0.0 .0
12 4] 0 -1 -1 -1 -1 12.50" 9.800 0.0 0.0
12 b o -1 -1 -1 -1 18,000 ~0.590 0,0 n.Q
14 n 0 -1 -1 -1 -1 15,000 n,500 .0 0.0
18 0 0 -1 -1 -1 -1 17.500 -0, 500 0.0 n,0
15 0 0 -1 -1 =1 -1 17.500 Q.50 n,o n.0
17 0 0 -1 -1 -1 -1 20,090 -N.500 .9 0.0
11 2 0 -1 -1 -1 -1 2¢.n00 0,500 0,0 0.0
19 9 0 -1 -1 -1 -1 22.509% -0, 500 0.9 0.0
2¢ 2 n -1 -1 -1 -1 22,500 0.s8n0 no 0.0
21 0 0 -1 -1 -1 -1 258,091 -0.570 n,0 a.e
22 n 0 -1 -1 -1 -1 25.701 0.500 no 0.0
¥ T n .
FOURTION NOHRERS Computer Printout
{Input data, the initial design and the last two designs only are reproduced)

6°T°0
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NUSBER OF TRUSS FLENENTS = 39
CONSTRUCTION CODE = 1
WAMBER OF MATERIALS = 1
NUMBFR OF TEMPS FOR WHICH MATL PROPS GIVEN= 1
NUMREP OF DIFFERENT GEOMETRIES PROPS GIVEN= 1

MATEPIAL PROPERTY CARDS

MATPRIAL NiMBER SPECIPIC YCONGS COEBFFT OF /=~ALLOWARLE STRESSES~=~/
NNMBPR OF TEMPS VEIGHT TENP HODULUS THYRM EXPAN TENSION COMPRESSION
1 1 0.1700F 21 0.0 0.,4000F 03 0.0 0,50008 c6 00,5000 04

GEONETRIC PROPPRTY CARDS

GENMRETRY _X=8PCT /==MN%RATS OF INPRTIA-=/
NUMBER APER Y %%

1 2.5009p 00 Q.17008 07  0,10097 07

ETEMFPNT LOAD MOLTIPLIERS

A 8 c 0
X=nTP  N.0 0.0 9.0 0.0
Y-DIF 0.9 0.0 2.0 0.0
2-nTR 0.7 0.0 n.0 0.0
TE¥P 1.9 0.0 0.2 0.0

OROCESSED ELENENT DATA

TIFMEET /-NODE NOS~/ /-~RPLPYMENT ID NOS-/ DRSIGN VAP REFERENCE END FIXYTY COFRFPICIENTS RRAND
FUMBFR I dJ MATL GRONY D VAR FRACTTON NP Yy 77 ¥ID™H
‘1 1 k] 1 1 1 0.1000F 01 0.0 0.10000 M 0.1000Dn 01 2
2 2 4 1 1 1 0.10N0E 01 0.0 0.12¢00 01 0.1000n 01 2
? k] s 1 1 2 0,1000r 01 n.0 0.10000 01 0.1000n 01 ]
4 4 6 1 1 2 0. 1000E 01 0,0 0.1000D 01 0.1000n 01 6
s 5 7 1 1 3 0. 10007 01 0.0 0.,1000n 01 0.1000p 21 ]
[ [3 A 1 1 3 0,1000% 01 0.0 a.1000D 01 0.1000n 01 f
7 7 ° 1 1 4 D.1000" 01 0.0 0.10000 01 0.10000 N1 ]
A a 10 1 1 4 0, 10008 01 0.0 0.10CCD 01 0.1000p0 0% 6
9 9 11 1 1 5 0.1000% 01 0.0 0.100CD 09 0.1000m N1 )
mn 10 12 1 1 5 a,1000° 01 0,0 C. 10000 01 0. 10000 01 A
11 11 13 1 1 ] 0,1000° 01 0,0 0.1000n 01 0,1000p0 01 6
12 12 14 1 1 6 0,1000° 01 0.0 0.1000p 01 0,10000 01 )
1? 13 15 1 1 7 0.10007 01 N2 0,1000p 01 0.1000n 01 6
14 1 16 1 1 7 a,1000P 01 n.0 0.1000n 01 0.1000n0 01 [
15 15 17 1 1 A A, 10002 01 0.0 n.,1000n 01 N.1000D0 01 [
16 16 18 1 1 8 . 10002 01 0.0 0. 100Cn 01 c.1000n 01 A
17 17 19 1 1 9 0, 10008 €1 0.0 0.1900n 01 0. 10000 01 6
1R 1e 20 1 1 9 2,1000F 01 0.0 0,1000D ©1 0,1000p 01 6
19 10 21 1 1 10 N, 100CF 01 Q.0 0.1000n €1 0.1000p 01 )
20 20 22 1 1 19 N I0007 01 .0 0.100CD 01 0. 100D 01 6
21 1 4 1 1 21 f.1000% 01 0.0 0,16000 01 n.1c0on 01 []
22 5 [ 1 1 21 N.1000F 01 [ e, 1000 01 0.1n00D 01 4
21 7 L} 1 1 21 L, ancar 01 n,on 0, 10000 01 N 10000 1 4
24 Q 10 1 1 21 A en0e 0y a,n ¢, 1000D 01 2.1950n 9% 4

IT°1'0
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15
17
19
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- a2
- s a2

21
21
21
21
21
21

f.1000F
0. 100CE
0,10MCE
0. 100QCE

0.1000F 01

C.1000R

0.t000D
0.1000D
€. 1000D
0.10C0D
0.10€0D
0.1000D

01
[}
m
AN}
01
nt

n.10C0D
0.1000D
0.1000D
0,1000N
0. 10000
0.10000
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¢I°'1°0



TSR et e

NUMREF QF SHEAP PANFL ELEMENTS
CONSTRUCTION CODE

NAMRER OF MATERIALS

NUMRER OF TEMPS FNR QIICH NMATL PPOPS GTVEN=

umun

MATFRTAL PPOQPERTY CAPDS

MATERTAL NUMBER SPECIPIC YOUNGS POTSSN ALLOWABLE
NUMDFR OF TEMPS PFIGHT TEMP MODULUS RATIO SHEAR
1 1 2.1000F M1 n.n 0.2000F N3 0.0 0.3000F Cu

PLEMENT LOAD MOLTIPLIFRS

A B [ D
X-DTR c.0 0.n n.0 0.0
Y-DTR n.o 0.1 .0 0.0
7.-NTR 0.0 0.9 0.9 0.0

PROCESSED ELEMFNT DATR

ELFMENT fes<==-- NODE ROS5-=-=s-- //=-=BL 1D NO0S-/ PROUND PES VAR /-~-FPFECT PANFL DIMNS--/ BAND

RIIMBER T J K L MATL D VAR CODE FEACTION LONGER SHORTEP WIDTH
1 1 3 4 2 1 11 0 0.1900% 01 0.9 0.0 u
2 3 S 6 4 1 12 0 0,1000F 01 C.0 0.0 L]
3 5 7 2 6 1 13 0 72.10007 01 0.0 0.0 A
[} 7 9 11 L] ? 14 0 N,1000E 01 Q.0 0.0 A
8 Q 11 12 1n 1 15 ¢ 0.1700% 01 0.0 0.0 9
[ 1 13 14 12 1 1% 0 0,1000F 0% 0,0 0.0 2
7 13 15 16 14 1 17 0 0,100R 0t 0.0 0.0 a
a 15 17 19 16 1 13 0 n.1000F 01 ¢€,0 0.0 8
Q 17 19 29 1R 1 19 N 0,1000E 01 0.0 0.0 a
10 19 21 22 20 1 2n N 0.10COF 01 0.0 0.0 a

STRUCTUPE STRIUCTURT LOAD MULTIPLIERS

LOAD CASE A L] C D
1 0.0 0.0 0.0 n.n

BICKLING CONTROL DATA

COEF¥PT = 1.00090

MODEIN = 0

NEOpR = 2

INDET = 1

NVEC = ?

ALPA = 0.50000

OMEGA = n.80000

NODAL POINT LOADS

NODE 10AD ADOLTIEN LOADS

NO. CASE nx RrRY L¥4 LAS MY »7

(@]
-
—
«w



21 1
22 1

-0.100n "1
-0.100D M1

(=)
o »

DESIGN VAPIABLE INPUT DATA

DESIGH
VARIABLF INITIA
NUMBFE VALUR
1 0.2000%
2 0.2000%
3 n.2000F
] 0.2000F
) 0,200CF
f 0.,2000F
7 0,2000CR
f 0.20C0R
9 0.2000F
10 0.20C0F%
1" 2.1000E
12 f.10008
13 0.1000%
1 n.,1000R
15 0.1000F
16 N.1000R
17 0.1000F
1R 0,1000%
19 0.100CE
20 0. 1000w
21 0.1000F

L

01
01
01
01
01
1
01
01
01
ot
co
]
oo¢
oo
co
oo
00
no
co
[yl
01

MIN ALLOWASLE

VALNE

0. 10008
0, 1009
0.10908
0. 1009
C.10008
c.1000%
0. 1009F
0. 1000E
0.1000®
0.1000%

0, 1N09E-~

00
n0
00
no
n0
no
nn
na
00
oe
01

0.1000F=01
0, 10078-01

0.109%0®-

m

C.1000E-01

0. 1000%-
C, 1079k~
0. 1000R~
N, 10008~

n1
01
n1
01

0.1000R-01

0.10008

THTAL NUMAFR NF EQUATIONS

BANDRINTH

NUMRER OF EOUATINNS IR A RLOCK

WUMBEP NF BRLNCKS

00

40

un

DO

SO

QO
[ 2

DO

(==

¥I°1°0



AR R SRR R RRRANRRRRR R RA kR RA R

ANALYSTIS OF DESIGN Wnmpup 0
ERRERRREARERRERER SRR R RRRRARE,

NODAL DTSPLACEMENTS AND ROTATIONS

NODE LOAD

NO.
22
2
20
19
18
17
16
15
14
13
12
1M

CASE

1
1
1

VALURS OF

X

=3, 125802
-3,125g8-02
«2,R12R=02
-2,812R-02
+2.5002-02
-2,5008-02
=2, 1R72-02
=2, 1872-02
~1,875R-02
-1,8751-02
~1,562r-02
-1.5638-02
=1,250%-02
-1.2508-02
=9,375%.03
-9,17%2-03
-6.2507-03
-£,2505=-03
=3,125r=03
-3,1258-03
0.0
0,0

Y

«1,A93E=18
=1,603r-15%
=1.4198-1%
-1,4108-15
-1, 1U6R=15
=1, 1468=-15
=R, A99R-16
=R, RIAR=-16
-k, G05Re16
-6, 595816
-4, RASGM- 16
~-4,6858=16
=3, 040F-16
=3, NuUNP=1§
=1, 737R=16
-1,7¥78-16
«7.,7678=-17
=7.767%-17
«1.,RA2R=17
=1, AR28-17
n.0

0,0

PESTGR VARTADLRES

1

?

0.0

2.0
2.0
0.7
1.0
3.0
0.0
0.0
9.0

2.1

3N
2.0
0.0
9.0
n.0
0.0
2.0
2.0
2.0
3.0
1.9

%

0.0
n.0
.0

XX

0.0

0.0

0.0
L]
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
6.0
0.0
0.0
0.0
G.0
o.n
0.0

no

AAd

0.0
e.C
¢.0
0.0
0.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
¢.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
€.0
0.¢

7

e -

10

SI'T°0

S



9 0.2000E 01
¢ 0.100C0F OC
20 0.10G0E 01

0,200°E 01

0. 10097 70

ANALYSIS OF TFRUSS FLFEMENTS,

ELEMERT X-SECT AP

1 0.2000E
2 0.2000E
3 0.20n0F
4 0.2000E
K 0.2000R
[ n,2000p
7 0.20C0F
R 0.2000F
9 ¢.2000%
10 0.2000F
11 2.2000F
12 n,2000F
13 0.200CF

14 0.2000F
15 0.207CF
16 N.2000E
17 0.20008

1% 0,2000E
19 0.2000F
2¢ f0.2000%
21 n,1000F
22 0.1000E
23 0.1000F
20 0.100CE
25 0. 10008
26 0,100CF
27 0.100CE
28 Q.1000F
29 0.1000F
30 0. 1000F

ANALYSTS OF SHFAP

ELENERT THICKNES

0.1000r
0.10090E
0.1000F
0. 1009F
2.10n0pP
n.1ocne
0.1000%
0.1nC0®
0.1n0CE
nN. 1000

DODNDINNEWN =

-

0.290 M
2.1009F 00

CONSTFN CODE=

o,
n.

1

20C0F 01 0.2000E 07
10NOFE 0C 0, 1000E 0O

EA  LOAD CORD AXTAL FNFCF

01 1 -0, 1"00F 01

R ] 1 -0.1000% N1

/] 1 -0, 10707 01

01 1 -0,1000F C1

n1 1 -0, 10908 N1

01 1 -0.1n00F 01

01 1 -N,100C® 01

nt 1 -0, 1090F 01

01 1 =-0,1r0N0" M

01 1 ~-0.1070F P1

01 1 -0, 10007 01

01 1 ~0,1000% N1

ct 1 ~n,10007 01

n 1 <0.10C9E 01

[\B] 1 =N, 10c0p N1

01 1 =0,1000F M

01 1 =0,1090F 71

01 1 =0, 10008 01

1 1 -0.19%0% 71

c1 1 -0, 1000E 01

01 1 0.8650%-18

01 1 ~0.25802-17

01 1 -0 EL19R-17

c1 1 -0, 1B8NE=-17

n 1 -n,0a8768-17

01 1 -0, 1930 E-17

01 1 -9, 1115E-16

01 1 -0, 1996F-17

Ll | 1 -N.54u8%-17

c1 1 ~0, 1077F~-16

PAMELS, CANSTRN CONE= 1

LOAD fecwmemeconcacas SHEAR FIOW AT NODES

S COND 1 J K

09 1 =N,4657F-Lif N, GBFR5TF-08 -0 UASTN-CR
on 1 =7, 1291E-07 =0,1211F-97 -0,1211F=07
re 1 -9,7823F-07 -0,7823F-07 -0,7823F-07
on 1 =0,7637F-N7 -N,TFR3ITF=-NT -0,T63TF-07
on 1 =N, R215F-N7 -0.%215F-N7 -0,5215F-07
00 1 =N.1917F-06 -0,1919F-"6 -(,1919F-06
on 1 -0.1903R-06 -0, 190NE-"6 -, 1000FP~06
0o 1 -2.18A1E-N§ -0, 18R1F-N€ -0, 1ARIT-N6E
00 1 -2, 1863F-06 -0, 1963F-"F -0, 1RAIF-NE
no 1

BUCKLTHG 1NAD PAPAMFTIRS

0.2000F €1 0.2000E 01
0.1000F 00 0.1000% 00
----------- /  AVERAGE

L SHFAR FLOW

-C.4657E-08 -0, U65TE-CR
-0.1211F-07 -0,12117=-07
-C.7723F-07 -0.7R23E~-07
-0.7637F=07 -0,7¢37E-07
-C.%215%-07 -0,.5215E-N7
-0, 1019F-06 -0.1919g-0F
-0,1a00F-06 -0.1900F-CF
=C.1RETE-06 -0N.18B1E-D6
-C.1863F-06 -0, 1R63E-06

-0, 1864 F-NkK ~N 1RBAP-NE ~-N_ TRULF-0F -0, 1RBUF-CA -0, tPUUFR-0R

0.2707E 01
0.1000E NN

0.20c0r 01
0.1000F 00

0.2C0"F 01
N, 10CNE 0O

9T°1'0



L A iV At T e S

0.68432p 00 n.29894n N1

BOCKLING MODF SHAPFS

MODE MODE X Y 2 Y Y %2
N0, SHAPF
22 1 -R,658R-02 1. 186F% 09 2.0 0.0 rn 0.0
2 4,255g-02 1.042T an 2.0 .0 n.c 0.0
21 1 8.65RE~02 3.186R 00 2.0 c.0 n.n 0.0
2 =4,255F-02 1.042% 20 .8 J.n 0.0 0.0
20 1 =-B8,5%1R-02 2.68R% 00 1.9 0.0 .0 0.0
2 3,7728-02 1.552% 00 n.n 0.0 0.0 0.0
1 1 8.,551F-(2 2.68A8% 0 2.2 a.0 n.0 0.0 ‘
2 =3,772E-02 1,5528 00 3.0 n,o 0.0 0.0 |
1R 1 -R,234E-C2 2.202E 00 2.0 n.r 0.0 0.0
2 2.4328-02 1.946% 90 9.7 n.n n.o 0.0
17 1 A,23uE-02 2.272F 00 2.9 n.o r.c 0.0
2 =-2.432F-02 1.946% 19 7.0 2.0 n.n 0.0
1€ 1 -7.714E-02 1.7u08 00 2.9 .0 0.0 .0
2 5.714F-03 2,11¢% 00 2.0 n.n n.o 0.0
15 1 7.714R-C2 t.7u0E 0O .0 n.0 o.0 .0
2 =5,71r-013 2. 116EF 0N 7.0 0.0 0.9 0.0
14 1 =7.A0S5FR-02 1.313E 00 3.9 0.0 0.0 0.0
2 -+1.359p-02 2.0U6% 00 2.9 n.n 0.0 0.0
13 1 7.005E-02 1.3138 29 2.0 n.0 .0 .0
2 1,359F-02 2.046F 00 0.0 n.c 0.0 0.0
12 1 =f,122F-02 2,3338-01 7.0 0.0 0.0 0.0
2 =2.,985E-02 1.7927 0Q 0.0 n.o 0.9 0.n
1 1 6,122E~N2 9,3338-01 1.9 0.0 0.0 0.0
2 2,985R-02 1.7928 00 2.0 .0 .0 0.0
10 1 =-5,0R9F-02 f.0RSE-01 3.0 n.n 0.0 0.0
2 =3.0547-02 1,388 00 0.9 a0 0.0 .0
L] 1 5,0A9F-02 6.085R-M 2.0 0,0 0.0 0.0
2 3.9%4F-02 1.344% 00 2.0 2.0 0.0 0.0
a 1 -3,931%-02 3.473r-01 9.0 7.0 Q.0 0.0
2 -h,0528-02 g,6500%.91 2.0 0.0 .0 0.0
7 1 3.931E-02 3.473%-01 9.0 0.n 0.0 0.0
2 4,082F-02 R.599%-01 .0 0.0 n.0 0.0
6 1 =2.675E-02 1.5608-01 1.0 0.0 o.n 0.0
2 =).2RRE-C2 4,085E-01 7.0 .0 0.0 0.0
5 1 2.675R-02 1.5A0E-01 J.0 0.0 0.0 n,0
2 1.286F-02 4, NR52-91 2.0 0.0 c.n 0.0
u 1 =1.35UF-02 31.923r-02 7.0 2,0 0.9 .0
2 -1.,827°-02 1.064R-01 2.0 0.0 0.0 0.0
3 1 1,350r-02 1.923E-02 .0 0.0 c.0 .0
2 1.827F=-02 1.n044E-01 7.0 n.o c.n 0.0
2 1 0.0 o.n 3.0 n.n 0.0 0.0
2 0.0 1.0 2.0 n.n N.0 0.C
1 1 0.2 n.n 7.0 n.C 0.0 0.9
2 n.0n a,n 2.0 n.g 0,0 0.0

ke kAR kk Ak krhh k&

EVALUATTAN NF DFSIGN NHMBTEP ¢
Hhw kR kR Rk ook R kK

STPESS RATTC LOAD TOND NES VARTARLFE

LT°T°0



MAX n,1300r 00 0 11
MIN N,5000P=-01 n 1

MAX BICK RATIOS LNAD COwD
0, 14612 01 1

0,3345%2 00 1
INTPFORN SCALING OPERATION FOLILOWS
SCALE FACTOR TS 1,461AND NETERMINEDN RY ANCKLING CONSTRAINTS

NEJIGN VARTABLES OF SCALED (CRITICAL) DESTGN APE

YALUES OF DESTGN VARTABLES
1 2 2 u 5 6 7 8 9 10

0 0,2922% 01 0.,2927% 01 0,2923F 01 0.2923F 01 0.2923% 01 0.2923r 01 0,2923% 01 0.,2923E 01 0.2923F 01 0,2923F 01
10 0.1461% 00 0, 14618 00 N, T61E 00 O, 1461E 00 0, 74618 AN 0.1461E 00 0.1461% 00 O0,1461F N0 0, 14671F 00 0, 1461E 00
20 0.1461% 01

STRUCTURAYL WETIGHTw 0, 1644% 03I
REDFESIGN OPERATION FOLLOWS

OPTTHALTTY INDEX OF DESTGN VARTABLES FOR BHCKLING CONSTRATNTS
PY NO ACT/DAS INDEX

1 ACT N, 76543% 00
2 ACT 0, 72R20F 0N
3 ACT 0.6573ar 00
4 ACT 0,55991r 00
5 ACT 0.u45337 Q0
] ACT 0, 32nR42 00
7 ACT N.21026P 00
f ACT ¢.11279% o0
Q ACT 0.,41971P-01
10 ACT 0, 47413P=02
11 ACT 0, IMNT1E=01
12 ACT 0.26A21% 0O
13 ACT 0.71538% no
1 ACT ¢ 0,133367 01
15 ACT 0.20R04% N1
16 ACT 0.28205"% 01
17 [Yakd 0, 38513% 01
19 ACT Q. 418958 M
19 ACT 0, 461R7F N1
20 ACT N, ua509m N
21 ACT N
NO, OF ACTTVE RUCKLING CONSTRATHTS ARE 1

81°T°0
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ANALYSIS OF DESIAY

NIIMBER S

Rk ko ke ko kX Rk

NODAL DISPLACEMENTS AKD ROTATICNS

NODF I.OAD
¥3, CASE

22
21
20
19
18
17
16
15
14
13

12

1

1

VALUES OF

X

-4.795E-02
-4,795E-02
-2.777r-02
-2.777E-02
~2.,079E-02
-2,079E-02
=-1.639F-02
-1.639£-02
-1.307e-02
-1,307E-02
=1.7347=02
-1,034%-02
-7.952F-03
-7,952E-03
-5.795F-03
-5,795E-03
-3.7R5E-N3
-3,785%-03
-1,868R-01
-1,868”-03
0.0

c.n

Y

-2, 243E-15
-2.2UuR-15
-1,9%49E-15
-1,950%-15
-1.653E-15%
-1.653E-15
-1.366E-15
-1.3678-15
-1,192E-15
-1.102E-15
-9,62U%-16
-8,621E~16
-6.502E-16
-6.U95E-16
-4.,629E-16
-4,629E-16
-31.071E-16
-3,N728-~16
-1.71RF-16
-1.719E~16
L)

1.0

DESIGN VARTADLES

1

2

xx

YY

%

10

T T T T T I R ]

61°T°0



0 0.3345F 01
10 °.u222p-91
20 0.1000F 00

ANALYSTS COF TRUSS

ELEMENT X-SECT AP
1 0.3Ms5w
2 0.3345F%
3 0,32F0F
4 N,32A0F
5 0.3110%
6 B.3110F
7 0.,28Q7F
8 0.2897%
2 0,2622F

10 0,2622°%
1 0.,228ug
12 0.2284F
17 0,1R3UE
14 D147
15 0.1621F
16 0.1421%
17 0.RAR2F

18 0.8952F
10 0.3097%
20 0.3097¢:
21 n.icens
22 0.,10720F

23 0.1000F
20 0.10007
2% 0.1000F
26 0.1000E
27 n,inpor
2» 0.1000%
29 0.1000%

jo 0,10N0F

ANALYSTS 0% SHEAR

ELEMFNT THICKNES

N.4222E
0,0501"
0.1u51"
0.1951F
0,2452¢%
0.2953F
0.,SuE
N.3a85%
N.4457E
0.4923F

DOBANNEWN -

-

0.3260% 01
N, 950171

2.3110E €1 0,2R97F N1 0,2622% 01
7. 1451F 90 0.19%1F 00 0,2452% 00

FLLEMENTS, CONSTRN CODF= 1

FA

01
N1
n1
01
01
01
¢1
01
01
(48]
Q1
a1
01
01
01
o0
Uy
nn
0n
0o
oo
no
no
ne
no
00
on
09
0o
on

PANFLS,

S

-M
-01
o]
on
00
o0
ce
co
10
00

LCAD COND AXTAL FORCF

LoAD
COND

-k

RUCKLING TOAD PARAMETFRS

b b b b b ok b b ek b b b ok b b b b b ek ek ah = D B e

-¢.1000E M
-0.10708 M
-C.1000F 01
-0.1060CE M1
-C.19720F 01
-0.1000E ™M
-0.10C0F 01
=0.,1000E 01
=%.1000F 01
-0.10N00E 1
-0.1000E 21
-C.1000E C1
=0.1037E M
-0.17002 01
-0.100CE M
-0.10c0LC N1
-0.1000E 01
-0,10008 01
-0.10C0F C1
-0.1100g 01

0.1348E-17

0.u055F~17
~0.1950%8-17
~0.2921%-16
-0.,1338E-16

0,63264F-18

N.RRRAF-17

0.25247-18

0.3R62E-16

0.3166E-16

CONSTRN CODE= 1

Jemmeecemccaaaan SHEARP FLOR AT NODES--

I J K

-9.5318E-CA ~0,531RF-18 ~0,5318F-98
-0.1133E-07 -0,1133E-17 -N,1133E-07
-0.7261E~-07 -0.7261F-037 =-0,72A1E-N7
-0,9999)F-N7 -Q,909CF-AT7 ~N,0990F-A7
-%.2233E-06 -0,2238%-"6 -0,223RE-NA
-N.,1831E-06 -",1831F-26 -0, 1R31F-06
=7.2041F-06 -0,2NU1F-06 -0,2081E-06
=9,23327-06 -0,2332F-06 -N,2332E-06
=2, 1366E-N5% -0 _13AFF-05 -0,136AF-05
-1.1957F-r% =N, 1957F=-05 -0, 1957E-05

Q0,2284E 01
0.2953E 00

-0,.531RE-C8
-0.1133E-07
-0.7261E-C7
-0,9990F-07
-0,2238F-06
-0,1831F-06
-0,2041F-06
-0.2332E-06
-0. 1366F=-05
-C. 1357E-05

0.1884F 01
0.3454% 00

AVFRAGE
SHEAR PLOW

-0.531RE-(8
~0.1133F-07
-0.72618-07
~0,9990¢-07
-0.223RE-06
-C.1R31F-06
~-0.20U41E-06
~-0.2332r-06
-0, 1366E-05
-0.1957F-05

9.1421F 01
N.3955% 00

0.8952% 00 0.3C97E 00
0.u457F 00 0.4933F 00

0Z¢°1°'0



0.9999un €O 0.21937n 01

BUCKLING MODE SHAPES

NODF MODE X Y 7 XY YY 27
NO.SHAPR
22 1,156E-C1 =3, 1248 00

1,0158-02 1.0378 0N
-1.156E-01 =3,1247 N0
-1.015%8-02 1.237r 00

1.041F-N1 -2,552% 09

7.9718-03 1.086E 00
-1.0818-01 -2,552% 00
-7.981E-03 1.CRAE 00

9,248F-02 -2,.0378 20

5.201=-03 1. 1258 00
-9.248F-02 -2,037r 00
-5,9017-03 1.125F 00

8.791F-02 -1,581» 00

3.969F-03 1.1528 00
-R,091P-02 -1,581F 00
-3,967E-03 1.1%28 00

6.,935F-02 ~-1.1R27% N0

2.197E-13 1.1708 00
~6.935F-N2 -1,182% 00
~2.1978-03 1.170% 00O

5.7798=-02 -8,419E-91

5,947r-00 1.178F 00

1
2
21 1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1 1 -5.779g-02 -8,.410R-01

2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

2¢

19

2D DVDOODIDDODMDODIDVDIOIDOODDDOIODODIIDIODDDMOIODIDIODODIDD

18
17
16
iR
14
13

12

-5.947r-08 1.178% 00
4,623R-02 -5,578E-01
-R,270R-00 1. 1777 00
-4,623%-02 -5,578R-0D1
8.270F-00 1.1778 00
3.46RF-02 -1,2324R-01
-2.054%-03 1.187F 00
-3.06RP-02 -3,1247-01
2,05ur=-03 1.1678 "0
2.312FP=-N2  -1,6487-01
-3.0618-03 1. 1487 N9
=-2.312rP-02 -~1,/49%-01
3.961R-03 1.148% 00
1.157F=02 ~5,495%-)2
-3.792%-03 1. 115E 79
-1.157FR-02 -5.4958-02
3.792F-03 1.115€ 00
0.0 n.n

10
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MAX 0.1000% 01 o 21
HIN 0,2027r-01 0 20

MAX BUCK PATIOS LOAD COND
C,1000F N1 1
C.4776% 00 1

DESIAM IS CRITICAL

STRUCTORAY WEIGHT= 0.1179% 13
REDESTGN OPERATION FOLLOWS

APTTMALITY TNDEX OF DRSIGN VARIABLES FOR BUCKLING CONSTRAINTS

DV NO ACT/PRS INDEY
1 ACT N, 10216E 91
? ACT 0.,999131F N0
] ACT n.99931% 00
] ACT C,?°n937g OO
5 ACT 0,99959% 00
3 ACT 0,99974%= 00
7 ACT C.10002F 01
A ACT 0, 100118 01
9 ACT 0.10035F 01
10 ACT 0.99732F 00
1 ACT 0, 12R72F 01
12 ACT 0,10094F% 01
13 ACT 0.99867F NG
1 ACT 0,99822F 00
15 ACT 0.9979%% 10
16 ACT n,a976a8 NQ
17 ACT 0,997513F N0
1R ACT 0.9977ar 0N
10 ACT 0.99R75E 0O
20 ACT N, 10n66E D1
21 PASS 0.0
NO, OF ACTYVF RUCKLING CONSTRAINTS RRE 1

¢z 1o
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ANALYSTS OF DESIGN WUMRER 6
A Ak kAR kR kAR RNk

MODAL DISPLACEMFNTS AND RNTATIONS

NODF LNAD
NO, CASFE
22 1
21 1
20 1
19 1
1A 1
17 1
16 1
15 1
14 1
13 1
12 1
1 1
10 1
9 1
a8 1

7 1

6 1

5 1

4 1

3 1

2 1

1 1
YALUES n°P

X Y
-4,796F-02 =~1.777E-15
-4,796F-02 ~1.777E-15
-2.776E-02 -1.576F-15
-2,776E-02 =1,.507R-15
-2.079p-N2 -1,2178-15
~2.079F-02 -~1.23RE-15
-1.6397-02 -9,R81E-16
-1.639F-02 -3.R877°-16
-1.307g-02 -7.594E-16
-1.,307g-02 =~7.599E-16
-1.034g-02 ~S,A20R-16
-1.034E-02 -5.619E-16
~7.953E-03 -1.989F-16
-7.953E-03 ~3.9A85E-16
-%,795E=-03 -2,FR71E-16
=5.795E~03 -2.6F9P-16
=-3.785F-03 -1,619F-16
-3,785P-03 -1.619E-16
-1.B67E-N3 =7,.870F-17
-1,867E~-03 -7.R7T4R-17

0.0 n.0
0.0 n,n
DESTIGN VAPTARL™S

1
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n

vy

R
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0
1M
20

N.33uBE 01
L.4786”-N1
0.1000F 00

ANALYSTS OF TRISS FIEMENTS, CONSTARN CODE= 1

FLEMPNT

OD AN S wN

10
11
12
13
1u
15
16
17
18
19
20
21
22
2]
24
2<
2h
27
28
29
3¢

¥Y-SECT 2R

0.33uRF
N.33u8E
n,3259E
0.3259E
n,3109F
0.3179g
0,2R96F
0.2R967
N.2621F
n,2621%
0.2290F
0.228uF
¢.1884¢F
0.19R4E
0.1422F
n,1422F
0.RI6TE
0.8967E
0.3093F
0,3093F
0.1000%
0.1C0N0E
0.1000F
0.1770F
N.1009E
0.1090E
0.1000®
0.1000E
9.1n007F
0.1070F

ANALYSTS OP SHFAR

TLENFHT

DOV NN E WA -

-

THICKNES

N, U7R6F
0.9503F
0.1450F
7, 1950k
0.24u9g
0.2943E
0,34u09g
0,3a40g
N uusSOr
0. U9uaF

0.325%% @1 0,3179F 01 (,.2R96F 01 (.2A21F 01 0,2284F 01
£.095038-01 D.165%F €0 0,195CF N0 0,2849FE 00 0.2989F CO
FA LCAD CNPND AXTAL POIRCF

01 1 -0.1000% C1

01 1 <C.1700E M

01 1 -C.1000% &1

01 1 ~0.1000F M

01 1 -0.1C0N0E 01

"M 1 -C.1000= 01

01 1 =0, 107)E 01

01 1 -0,1000= N1

01 1 =0.100CF M

AR 1 -0, 1rC0F 01

01 1 ~0,1000% 09

1 1 =0.,1000F ™M

1 1 ~0.1900% 01

c1 1 -0.1n00E 01

A 1 ~0.,1199F7 M1

01 1 -0, 1000w N1

ng 1 -0.1000% 01

oe 1 =0, 1C00E 01

00 1 -C.10722F 01

nn 1 =0.10nGTE N

oc 1 0.19077=-17

ce 1 ~0,939RE-1R

co 1 -0.A194F-17

oe 1 -0, 16f92F-15

00 1 ~-N.B82A9F-17

on 1 -0, 1699%-15

0o 1 -0, 1unS5e-16

00 1 0,.57532-16

ce 1 f.2600F-16

00 1 -C. 1n57E-18

PANFLS, CCNSTEN CONF= 1

LOAD /fe-=ememme=- ~-=-SHEFAP FIO® AT NODRS§=sew~---v-cwa/

S COND I J K L

-01 1 =2.53R3F-0a8 -0,5)ARF-N8 ~0,538A%-98 -N.S53IRRE-~(A

-01 1 -0, 1304F-07 -0, 13I04E-07 -0.13047-C7 -0, 11CUE-0T
n9 1 -N,6A8IF-07 -1, RARNF-NT -0, AARNE-NT7 ~(.68RCF-07
no 1 -N,R874F-07 -0.PRTUF-NT -0,A8T74F-0T -C.BBTUF-07
no 1 ~0.22u2FP-nA ~0,22U2F-0R -0.22U7F-C6 -0.22U2E-06
on 1 -1.2151F-rA «N_2151F-1€ ~0,21%1F-06 -0.2151F-0C6
ng 1 -1.2225F-0R -N,7225F-06 -0,2225E-06 -0.2225F-06
e 1 =0.2067F-0F ~0,2067F-06 -0.2NF7F-06 -C.2"FrTE-N6
10 1 =f,19117-05 ~C. 1911F-95 -9.1911E-05 ~(C.1911F-05
nn 1 -0.1391F-N5 -0,1391F-05 -1,13°10-0% -C,1191F-05%

BUCKLYNG LOAD PARAMETERS

0.1A8uF 01
0.3449F Q0

AVERAGE
SHEAP FLNW

-0.53BAF-0R
-0.1304%-07
-0.68R0R-07
-0.RRTUE-07
-0.2242R-06
-0,21517-06
-0.2225R-06
-0,2067E-06
-0.19118-05
-0.1391E-05

0.14228 M
0,39u9r 90

0.8967F 00
0.4450F OD

0.3093F 00
0.u94af N0

¥2°1°0



S R TR

0.99997D 00 0.23690p 01

BUCKLING MODF SHAPES

NODE NODE x Y 7 Xx YY 77
ND.SHAPF
22 1.156E~01 ~3,119% 00

-1.019r=-02 -1,061P 20
~1.1568-01 -3.119F N0
1,0M1QE-N2  -1,061F ON
1.0418-01 -2,547% 00
-7.,R57F-0N3 -1, 1108 00
-1.001E-01 -2,547% 00
7.857p-03 -1,110F 0N
9,250E-02 =-2,732R 00
~5,637F-"3 -1, 148F 00
-9,250F-02 -2,032€ NO
5.677E-03 -1, 148F 00
8,093E-02 =-1,576F N0
-3,581E-03 -1, 174F 00
-8.0193E-02 =~1,576E 00
3.5R1E-03 -1,174F 00
6,937E-02 -1,177F N0
-1.70SR=-03 -1,189FP N0
-6,937E-M2 ~1,177E N0
1. 705E«03 =1,1A9F 00
5,7818=-02 -8,3579-01
«1,931F=-05 -1, 195% 00

1
2
21 1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
" 1 -5,781%-02 -9,357E-01

2
1
2
1
2
1
?
1
2
1
2
1
2
1
2
1
2
1
?
1
2

20
19

18

« ® & o 8 * o ® s s o m s s 8 e »

1o
13

12

1.931E-05 -1,195F 00
4,62u%-02 -5,52UF-M1
1.461E-03 ~=1,190% N0
-4.624°-02 -5,520%-91
-1,461%8-03 -1,190R 20
J. U6RE-02 -3,270R-M
2.719%-03 -1,177F 9N
-3, 46RE-02 -13,277F-01%
«2.719r-03 =1,177F 00
2.312P~02 -1,5%F-01
1.726%~-03 -1, 154% 00
-2,3128-02 -1,594F-01
~3,726%=-03 -1,154% 00
1, 165F=02 -4,961R-92
4,819r-03 =-1,115% 09
=1,1558-02 =-4,961E-02
-4.419g-01 ~1,115% 920
0.9 2.0

1"

S s e e o e 6 & % e % 9 % 6 9 6 ® e e s % e m e s s s 4 % e s a8 s e s s 0 & 2 4
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o e e e o 8 s o a

0.0 n,o0
0.0 0.0
n.o 3.0
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PYALUATTON OF DFSTGN NOMBER 3
ARR AR R R Rk kR Rk

STRESS RATIC TL.OAD COND DES VARTARLF

o
[
N
v



MAX 0.1900F 01
MIN 0.20218-01

MAX BUCK RATIOS
0. 1000R 01
0.,42218 00O

DESTGN IS CRITICAL

0 21
n 20

LOAD COND

1
1

STRUCTURAL WEIGHT= 0.1179E 13

PEDESIGM OPRRATION FOLTOWS

TERMINAL DESTGN---NUMBER NF CRITICAL DESIGNS

9z°'1°0



P.1.1
P. PLATE ELEMENTS
P.1 Circular Plate with Simple Support
¢y’ The problem under consider-
100° ation is to find the optimal
/Bv distribution of thickness for
20

— —TF___J>-X the plate shown in Fig. P.1.1.

As the design will be axi-

symmetric, it is sufficient to

6.59 1b/in
model only a sector of the plate
Figure P.1.1
Simply Supported Plate by finite elements, as indi-

under Uniform Compression ] ]
cated by the shaded region in

the figure.

The finite element model of the sector is shown in Fig. P.1.3.
The conditions of symmetry on the x-axis are imposed by the boundary
condition codes in the nodal noint input data, but two sets of boundary
elements are required on the ''skewed' boundary of the segment.
Boundary element Nos. 1-10 are rotational springs that suppress
rotations about the boundary line, whereas element Nos. 11-20 re-
present extensional springs that prevent the normal, in-plane displace-
ments. The spring constants of the boundary elements must be much
larger than the corresponding stiffnesses of the elements, illustrated
in Fig. P.1.2, in order to be effective in suppressing the boundary
/

displacements and rotations. We used the ratios k = 5000

bound kplate



P.1,

1 e
/2 F,

,/M(in.lb.)

|
|

p——

k=M/8 k=P/§
777777 77777777 77777 77777
(a) (®)
Figure P.1.2

Calculation of (a) Rotational, and (b) Extensional Stiffness of
a Plate Element

for the rotational springs and 500 for the extensional springs,

approximately, where k is computed for the initial design.

plate

The material properties used in the design are:

106 psi (Young's modulus),

E =
v = 0.3 (Poisson's ratio),

0; = oz = 50,000 psi (allowable stress),
p=1.0 1b./in3 (specific weight),

p* = 1.0 (lower bound on the critical load parameter).

The design was started with a uniform thickness of 0.5554 in.,

and all of the ten plate elements were sized independently. No
constraint was placed on the minimum thickness. The design history
of the plate is given in Table P.1.1. The optimal design, which is
governed by the buckling constraint alone, was reached after five

redesign cycles.
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P.1.3

An analytical solution for the optimal plate with a contin-

uously varying thickness has been derived in Ref. [16]. The results

are plotted in Fig. P.1.4 together with the discrete element thick-

nesses obtained from DESAP 2. The thickness distributions correlate

quite well; the small discrepancy in the two weights can be attributed

to the continuous vs. discrete variation of thickness.

Special notes on input-output:

1)

2)

3)

4)

Buckling deformation of a flat plate does not involve stretching
of the middle surface, i.e., only the bending stiffness matrix of

each element: [Ki] = [ki]An, n = 3, offers resistance to buckling.

Consequently, uniform scaling is an exact operation with KSCALE = 3

(see Design Control Data).

The variation in the spring constants of boundary elements shown
in Boundary Element Data (higher near the center than at the edge)
reflects similar changes in the stiffnesses of the plate elements.
The idea here is to maintain an approximately constant ratio of
kbound/kplate throughout the finite element model.

NMODE = 2 in Buckling Control Data requests that two buckling
modes be considered in the design. Since only one mode governs
the final design, the results would be identical if NMODE = 1
were used, but the buckling load and the mode shape of the second
mode would not appear in the printout.

INDET = 1 in Buckling Control Data informs the computer that the
internal forces of the prebuckling state are statically determin-

ate, i.e., the geometric stiffness matrix of the structure does

not have to be recomputed after each design.



P.1.4

5) The slight variation of the membrane forces from uniform, biaxial
compression (see Analysis of Plate/Shell Elements of Design No. 0)

is caused by the presence of the boundary elements.



(:::) Plate element
> Boundary element

52- Roller support with zero rotation constraint

3995am%

Figure P.1.3

Finite Element Model for a Two Degree Sector of Plate Showing Node and Element Numbers

11.5 1b.

S°I




P.1.6

Critical (scaled) Designs (thickness in inches)
Element IR S— B
0 1 2 3 4 5
1 .5554 .6641 .7110 .7218 L7226 7222
2 .5554 .6540 .6997 L7112 .7121 L7117
3 .5554 .6345 .6799 .6941 .6966 .6969
4 .5554 .6078 .6513 L6677 .6719 .6731
5 .5554 .5765 .6137 .6322 .6384 .6406
6 .5554 .5436 .5671 .5865 .5948 .5982
7 .5554 .5121 .5123 .5289 .5389 .5436
8 .5554 .4846 .4535 .4566 .4668 .4729
9 .5554 .4630 . 3995 .3708 .3706 .3772
10 .5554 . 4486 .3626 .2960 .2530 L2371
Wt (1b)* ] 96.92 89.94 86.68 85.14 84.54 84.59

*The weight of a 2° sector

Table P.1.1

Design History of Element Thicknesses and Structural Weight.



Plate thickness (in.)

PR s~ T |
e e @ e B T S e B

——0O——— DESAP 2 (weight = 84.59 1b)

0.8F —— ——— Reference [16] (weight = 83.41 1b)

\
0 | 1 Il 1 1 1 ] i 1 - j

0 10 20 30 40 50 60 70 80 90 100
Radius (in.)

Figure P.1.4 |
|

Comparison of the Results of DESAP 2 with the Analytical Solution

T



noYs50
0LooY
olosu
grlog
01150
01200
01250
ol3ou
ui350
PEEAMY]
01450
0l500
01550
gi6uy
01650
ul7u0
01750
vlipo
01850
01900
01950
02000
02050
g2lu0
02150
02200
02250
02300
02350
vz4a00
02450
02500
u2550
02600
02650
02700
02750
02800
2850
02900
L2950
U30uo
u3nso
03100
03150
03200
03250
03300
03350
03400
03450
03500
03950
03600
03650
03700
43750
03800
3850

123456789A123456789B123456789C123456789N12345678911123456789F123456789C12345678911

§.8 CILRCULAR PLATE — BUCKLLIUG DESEGM UNDER URIFORH COMPRESSLVE JHPLANE LOAD
31 2 1 10
10 3 0.02 0.1 1 1 i
! 3 ~1 -1 | -1
2 10.
20 1 ] 1 100,
3 9.994 +349
21 1 b 99.94 3.49
12 1 1 1 t i V6,504 100.289
31 t 1 1 1 1 ! 96.45 103,43
6 10 1 1 ]
1 1 1.
1000000, 0.3 50000. 50000. 28000.
1 1 2 3 1 i
2 2 4 5 3 1 2
3 4 6 7 5 1 3
4 6 8 9 7 1 4
5 8 19 11 9 1 5
6 10 12 i3 1 1 6
7 12 14 15 13 t 7
8 14 1) 17 15 1 8
9 16 18 19 17 1 9
10 13 20 21 19 1 10
7 20
1 3 1 1 1000000000
2 5 3 ! 900000000.
3 7 % 1 800000000,
4 9 7 1 700000000,
5 i 9 1§ 400000000,
] 13 i1 1 500000000.
7 i5 i3 i 400000000,
8 17 15 | 300000000.
9 19 17 1 200000000,
1o 21 19 1 100000000,
1t 3 22 i INQonH0n00aQo
12 5 23 1 900000000,
13 7 24 1 800000000.
14 '} 25 i 700000000,
15 il 26 1 600000000,
Lo 113 27 L 300000000,
W) 15 28 1 400000000,
t3 17 29 1 300000000,
iy 19 30 1 200000000.
29 21 3t i 100000000 .
l.vu 2 1 2 0475 0.4
20 1 =-il.5
21 P ~11.5 =04
o .95554

123h56730All3h5h739Hl25&367”90]21&5673?”[21456739EI7lh$ﬁ7HUFIZ5&5“7”0“[!1&367H0H

Echo of Input Cards

8°'1°d



S.S CIRCULAR PLATE - RUCKLING

NUMBER
NUIMA FR
NUMRER
MUMRER

DESTICM

NCYCL
KSCALF
DFLTA
EPSIL
LBUCK

NODAL

NNDF
NUMBFR

1
2
20
3
21
22
31

GFNFRATFN NAPAL DATA

NNDF
NUMBEPR

[
QLDNG AP NN

N Y T o e el
PWON=DODNIADWN-

(Input data, the initial design and the final design only are reproduced)

W 0o

iz
ne
F
nF

FONTROL NATA

X

- QDO O

X

~ O ODD2DOTIDOITIVOCLDDOOOOO~

1
ot gy e D e D

NES.

POINT TNPUT

Y

— D bt D e

Y

-1
-1

0

-1

0

-1

0

-1

0

-1

0

-1

0

-1

0

-1

0.,2000c-01
0,1000F 0O

NATA

z

-1

?

e D20 0DTO0 D00 OO0DIDADDO

NODAL PLINTS
ELEMENT TYPFS
LOAD CASES
VARTARLFS

ROUNDARY FOMDITINN £ANES

XX

- D) O = D

AOUNDARY CONDTYTICN CNNES

xX

-1
-1
[
-1
]
-1
n
-1
0
-1
e
-1
[\
-1
0
-1
[
-1

D D

U
D000 -

e O DD

=D D00 VDIOVOITIDIDVDODIO DO~

-

UNCFR UNTFORM (OMPRESSIVE INPLANE | NAD

MPTAL FOINT

X

n.o
10.009

100,000

9.994
99,940
heS0G
€E.450

NPCAL PCINT CNCENIMATES

X

n.n

10.000
9.994
20.000
16.6R3
30.000
79.6R2
40.0G0
19,574
5Q0.000
49,570
60,700
59.5¢€4
7r.000
6£5.958
RD,007
76.75?
CLIGED]
RG 946

1nn, 009

99,549

&.504
16.458
26467

Computer Printout

R
= QMNDINDD

s e s 8 0 8 s

VO DVDOOMIIIDIIDNDIOVIODTODIDDDIOND

DIV DIVIDOITVDIDIIDDIDS D

R
DD IDIJDDDDI2IVODDIDIVO0I222
203202220 T2292I3DIJDIODDD2IDD

2953

222023

203

o
[
=]



25 i 1 1 1 1 L 36,486 101.37¢
26 1 1 1 1 1 1 46.480 101,685
27 1 1 1 1 1 1 56.414 102.03%4
28 1 1 1 1 1 1 66.458 102,283
29 1 1 1 1 1 1 T€.462 102,772
30 1 1 1 1 1 1 6F o456 in2,081
31 1 1 1 1 1 1 96,450 102,420
EQUATTON NUMRERS

N X Y 7 XX Yy 124

1 0 0 1 0 0 0

? ? 0 k| 0 4 [¢]

3 5 [ T 8 9 a

& 10 0o 11 0 12 0]

5 13 14 15 16 17 ]

[ 18 n 19 0 20 0

7 21 22 23 24 25 Q

a 26 o 27 n 28 [

9 29 30 3] 32 33 Q

10 24 [} 35 0 36 0

11 37 28 39 40 41 Q

12 42 o 43 o 44 Q

13 45 46 47 48 49 0

14 50 (U 51 0 52 0

15 53 54 5% 5¢& 57 o]

16 58 0 59 o &N Q

17 61 62 63 64 €5 0

18 66 o 67 0 68 0

19 A9 70 [A! T2 73 0
20 T4 0 0 0 75 0
21 76 17 0 78 79 0
22 0 o 0 0 D 0
23 [} 0 0 0 0 0
24 0 0 0 Q 0 0
25 0 0 0 Q Q 0

26 0 0o 0 4 2 0
27 0 n 0 0 0 [4]
28 0 0 0 0 0 0
29 0 0 0 Q 0 0
30 0 o 0 0 0 [
31 0 0 0 0 0 [

ans5250009

01°1°d



I

THTUN PLATE/ZSHELL ELEFEFVENTS

NUMBER OF FLFEMENTS
NUMBER NF MATERIALS
NUMBRER QF TFMP CARDS
CONSTRN CNDE

1

b

———

MATERTAL PROPERTY TARLF

MATERTIAL NUM OF SPECIFIC TEMP YCURNCS PRTSSCNSS CPEFFT OF /e—memmeoome ALLOWABLE STRFSSFS---rmccmceaau /
NUMRFR TEMP WFIGHT ¥OCULUS PATIN THFRM FXPN TEMSINN CAMPRESSION SHFAR

1 1 1.00000 0.0 1.00000E 06 0.300 0,0 50000.00 50000,.01 28000,00

ELEMENT LNAD CASF® MULTTPLTERS

ELEMENT LNAD PRESSURE THERNAL X- Y- 7~
CASE NUMBFR EFFECTS ACCELFRATIOM ACCELFPATION ACCFLERATION
1 0.0 0.0 0.0 n.o a.n
2 0.0 0.0 0.0 N.0 0.0
3 0.0 0.0 n.o N.0 0.0
4 n.o 0.0 0.0 0.0 0,0

THIN PLATF/SHELL FLEMFENT DATA '

ELFMENT MATFRTAL NFS yAD NNOMAL PEFEPENCE DES vap RFTA RAND
NUMREP NPDE-1  NODE-J NADE-K  NODE-L NUMRER NUMRED POFESSYRE  TFMPFRATURPE FRACTION WINDTH
] 1 ? 3 0 1 1 0.0 0.0 L.0n0N 0.0 9
2 2 4 5 3 1 2 n.o 0,0 1.0000 0.0 16
L] 4 ] 7 5 1 3 0.0 0.0 1.0000 0.0 16
4 6 8 9 7 1 4 0.0 0.0 1.0000 0.0 16
5 8 10 11 9 H s 0.0 0.0 1.0n00 0.0 16
6 10 12 12 11 1 [ 0.0 0.0 1.0000 n.n 16
T 12 14 15 12 1 7 n.o 0.0 1.01000 N.0 16
8 14 16 17 15 1 A n.0 0.0 1.0000 0.0 16
9 16 18 19 17 1 9 0.0 0.0 1.0000 0.0 16
10 18 20 21 19 1 10 0.0 0.0 1.0000 0.0 14

I1°1°d



BRAUNDPDARY FLFEMFMTS
NUMBFR OF FLEMENTS = 20
ELEMENT LNAD MULTIPLIFPRS
A R C bl
0.0 0.0 a.n N.0
BNUNDAPY FLEMENT DATA
cCOMST NODE /-=NONES DEFINTING CONSTRATAT PIPECTION--/ Crnes DISPL PATATIOM STIFF
NUMRER N NT NJ K NL KD KP. D ] <
' 1 3 1 o 3} 0 n 1 0.0 0.0 1.00n
2 ] 3 0 n n n 1 0.0 n.n 9.00P
2 7 s 0 0 0 0 1 0.0 a.0 f.000
4 9 7 o] d 0 n 1 0.9 0.0 7.00n0
s 11 9 0 Q n [ 1 0.0 7.0 6.000
6 13 11 0 e [y a 1 0.0 0.0 S.00D
7 15 13 Q 0 Q 0 1 0.0 0.0 4,00N
8 17 15 0 0 n 0 1 0.0 0.0 3.000
9 19 17 0 0 a n 1 n.0 n.c 2.00n
10 71 19 0 0 Q 0 1 0.0 n.,n 1.n00
11 3 722 [d 0 n 1 n n.n 0.0 1.00n
12 5 23 (4] 0 Q 1 0 0.0 n.0 9,000
1? 7 24 0 0 a 1 o 0.0 r.0Q a.000
14 Q 25 o 0 0 1 0 0.0 0.0 T.000
15 11 26 a a 0 1 0 0.0 n.n 6,000
16 13 27 0 Q 0 1 0 0.0 0.n 5.00n
17 L5 ?8 0 0 n 1 0 n.n o.n 4,000
18 17 29 o 0 n 1 0 0.0 0.0 2,00n
19 19 30 0 a 0 1 0 0.n n.n 2.000
20 21 31 0 Q n 1 n 0.0 0.0 l1.000
STRUCTHPF STRUCTUYRE LNAD MULTIPLIFRS
LOAD CASE [ f C n
1 0.0 0.0 0.0 0.0
BUCKL IMG CONTROL DATA
CNEFFY = 1.00000
MODEIN = 0
NMNDE = ?
INDET = 1
. NVFC = 2
! ALPA = N, 75010
H OMEGA = 0. 80000
1
!
H NODAL POINT LNADS
' NNDE LOAD APPLIEN LOACS
NO. CASF FX oy "7 vX My V7
20 1 ~N.1150 n? 2.0 n.n .0 o0 n.n
21 } -0.1150 0?2 ~0,400D 0N n.n n,n 0.0 0.0
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OOV D~NPNPWN -

—

CESIGN VARIABLE INPUT DATA

INITIAL

VALYE

0.5554F
0.5554F
0.5554F%
0.5554F
0.5554F
0.5554¢F
0.55%4¢
NRE54F
QL5554
N.5554¢

(4
00
oo
($D)
00
a0
[]d]
GO
[y
00

TATAL MUMAER DF EQUATIOMS
BANDWIDTH
NUMRER NE FAUATIONS TN A BLOCK
NUMRER NF RLOCKS

90?9030303
.
DVOIIIDDOVODIDO0C
~ -~
- 0o 0

¢€1°1°d



Kk e kP Er P ERAk bk Ed vk fa i rk ksl bV &

ANALYSTS DF DFSTGM NMUMAER 0
s ek o 13 sk ok s Qe o ol kb e b ek

NODAL DISPLACFMFNTS AND RATATIONS

NODE L0AD
NO. CASF
31 ]
30 1
29 1
’8 1
?7 1
26 1
25 1
24 1
23 1
?2 1
21 1
20 1
19 1
18 1
17 1
16 1
15 1
14 1
13 1
12 1
11 1
10 1
9 1
2] 1
7 1

X

-8.345F-04
-8.350F-04
-T.512F-04
~T7.517F-04
~6.680E-04
-6, 6B4FE-06
-5.84TF-04
=5.851F-04
=5.015F-04
-5.N18E-04
-4.182F-04
~4.1R4F =04
~3.345E-04
=3.351F-04

~2.516F-04

Y

~-2.881E-95
n.0
-7 .591£-05
n.0
-2.311E-05
D0
-2.0?5F=-05
0.0
-1.7385-05
7.0
~1.449F-058
n.0
-1.1697-05
N, 0

-9.703F-06

xX

Yy

77
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VALUES PF

DODNIPADWN -

-

1 -2.517F-04 0.0
1 -1.6825-04 -5.807"-06
1 -1.683F-04 nN.0
1 -8,460F-05 -2.8887-06
1 -~8.465€-05 0.0
1 0.0 N.0
NDESIGN VAPIABLES
1 2 3

N,5554F 00 0.5554= 00 0N,5554F 00

ELEMENT

THICKNESS

CONST MUMRER

DR=~NENSUN-

10

1?2
13
14
15
16

17

0.5554F
0.5554F
0.5554F
0.5554F
0.5554F
0.5554E
0.5554F
0.5554F
0.5554¢F
0.5554F

AMALYSTIS NF PLATE/SHFLL FLEMENTS

00
00
00
co
0o
00
a0
an
an
00

ANALYSTS NF BOUNDARY FELEMENTS

LOAD CASE FORCE
1 0.0
1 0.0
1 0.0
1 0.0
1 0.0
1 0.0
1 0.N
1 0N
1 0.0
1 0.0
1 0.65954F 02
1 0.65998E 02
1 0. 65996F 02
1 N,65975F 02
1 N £5946F 017
1 N.,659C8F 02
1 N. 65046F 02

01
1
N
01
ot
01
01
o1
()
nt

LCAN [eewmemcmmnme

CNND MXX
1 -0.6682F
1 -0.6624E
1 ~0.6614E
1 -7.6610F
1 -0.6608F
1 -0.6605F
1 -0.6603F
1 -0.6601F
L ~0.£558F
1 ~0.6594F

DD DDIIIDNDTIIIDIIDO0DDDO0D
NEEEEEEEEEEEEEEREEE
jo R R o Rfew e I = N o R Jw e I v o [ on o o Jbew

4

N.5554F 00

¢ CNSTRN FPDF =

MFVPPANF FARCFS

KYY

-0.6601% 0]

-0.6595F
~N.e600%
-0.65G99F
-Q0.£597F
-0.£593F
-0.658”8¢F
-0.6581F
-N.656RC
-0.6561F

- CCNSTRAINT =CPCES

MOMENT

0.0

0.0

0.0

6

0,.5554F 00

DDVDDOOD0O0D

0.5654F 00 N,5R54E 00

RFMNING/THISTING

DODDIDOIDDO
DVDVODODOIDIDD
IEEEEEEEEEREE
DDI2DIDD29DD
P29V I22203 D
e o 8 8 o 0 o 0 o &
DO0O0DDIDVDIOD
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N.65749% 02
0.65614F 02
0.32613F 02

18

10
20

LOAD PARAMETERS

BUCKL ING

0.692220 01

0.99818n 00

SHAPES

BUCKL TMG MONE

Yy 77

XX

NODE MODE

N, SHAPRE

000000000000000000000000000000“0000000

cocecocoooOOoOCcCCcCcCocCcoOoOoCcCcCocCccCccCo

cccococcgococcCcocCcQoccoccCcacococcCcC
« 0 * 8 P s 8 8 e 2 e s 4 s 2 e 3 0 e,

ccecoceCcecoccocococoocouUcocccoccoC

A,.NN34F-02
-2.2307F-02
.0N66F-02

QOOOUOOHHHUOHOOOOOQO

ﬂnﬂnﬂﬂnnooooooooonon

1.1616F=N3 =3,3272F-02

-1.0485F-03

0
nU

0.0

cocoCcaoarcoocOocccCcoooccocoCC
@ 8 8 % 0 & 0 @ e & 5 8 * 2 4 e e B 8 S e s e
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ccooceoccCcocoOCcCccCcooCoOoC CcoCCoOcCCo
N N N R N N N s I N I R O N R )

coccoocCcCCcCcceoecCcocooOoCccCcoCcocCccC

ococcoeoPooCcOOoOCcCcCcoOoCoOCcCCoCoCCCQ
[ L I R I N S R S I B A

0COCCOCOCOODCQOOCORROOCOCO

- e O e O et N e N o N e Bt O e O e N e

~ < - © ~ o Tal ~ " [ - <
L) ~ o~ o~ ~ o~ o o~ o~ o~ o~ ~

cceocccCco

[N NE N
ccccccoc
[
ook U LU o
CL NI
e -t & O
~exT e
L R A
e e s a e
o EINM e
1 ' 1
- 7 m e
c o cc
[ [
Lo wow
T o~
o N N -
N~ o ragsa
— NG O o
e« 2 v s e »
—_ 0T
t t
— ot -
cococCococc
oyt
[ PR Ty Vi SOy TR T
coed~o
vowoeaw
cCero~C
s 0 v 0
Mmoo on
) ' 1

coCtcovoco

000000

- O O -

o © ™~
— - -

3
cccoccococcoceoccoccocca

OO TN TR N N NN
ccococecoccococeoccoecccocco
| I T T I R R A B L |
£ ok bbb UL L eu
CUN=ITOM~NU.C O N~
LN B O N B Tl A I
T S e MM O
CWN =0 =00 = L
e 0 e 0t 1 s v e e o .
&A= MmN N
I (N T Y O A I O I |
L o <o
cc c C cc
(I} [ 1
Low bk [PRTS
Cc v w = C
—_— T u o
- [ & ™
CC—rCcCcCwCcCCrm
R N L R )
CCmOQCOmM~QCO ~
ol ottt = (e O e
cccccococcoC
Pr o0 ] t [}
UMW LWLy e
WL MU M QT T
NN CUr CCC O
~MCON~NO MM
e 8 s s 8 e s v 8 0 0 0
- R Al TN Tl RN g R
] 1 \ ] ] §

cocooccoccocCcCcoo
® 9 5 s s 0 s s e s o .

ccocooccocCcann

occoccocoCccCcCC
e ¢ » o % 2 s s e o v e

cococccoccocCcoOoC

O e N e B DN NN

° wn - .3 o~ -
- - - - - -

P.

<

n.n ~2.6037F-02

-1.584F 09

0.9

0.0

10

0000000

”0

-2.8271F-0?
—2.1R6TF=02

T.67467 -N4

an

1.556F-Q1
~1.824F

1.16



2 0.9 0.0
a 1 0.0 0.0
4 0.0 0.0
7 1 0.0 0.0
2 0.0 0.0
6 1 0.0 0.0
2 0.0 n.0
5 1 0.0 2.0
2 n.0 0,0
4 1 0.0 n.0
2 0.0 n.0
3 -t n.o 0.0
2 0.0 n.0
2 1 0.0 0.0
2 0.0 n.0
1 1 0.0 N.0
2 0.0 N.0

EI3 2 IT LI ALS TR RSl Rl

EVALUATIOMN OF DFSIGM NUMRER 0
T T2 LT 2 ST R S S T

STRESS AREA RATID LDAN CONP
MAX 0.2392E-03 1
MIN 0,23¢9F-03 1
MAX BUCK RATIN LNap CCND
0.1002€ 01 1
0. 1445F 00 1

DESIGN IS CRITICAL

STRUCTURAL WFIGHT= (.9692F 02

PEDESIGN OPERATION FOLLCWS

-2.868E-

~1.R24F

-2.8ARF-

-2.019F

-7.868F-

-2.019F

-7.868F-

~2.163F
-1.244%
~2.163F
—1.244F
-2,251F
-1.565¢
-2,281F
~1.565F
-2.7R1F
-1.673F

(A}
0o
01
no0
ol
Q0
m
no
210}
0Q
00
a0
ng
n0
oo
Qo
00

TON2AF-N3 -4 ,RFA6F-N2
n -2.18R0F~-02
0 -4, AT26F~-02
9467F-04 -1.T022F-02
731 2F~03 -4,95R5F-02
n -1.7042F-Q2
[t —4,9616F-02
07T1AF-N4 -1.163F-02
40785-03 -4 ,0326F=07
] -1.16708-02
0 -4.0249F-02
F6BTF-04 ~5.9272¢-03
RT16F-N4 -2.72554F-02
o} -6,920RF-013
n =2.?7567F=-02
i} 0.0

0 6.0

ODIOIDNNOIDmBEI I N0 D~

DES VAQTARLF

1

1c

APTIMALITY TNNPEX NF DESIAN VARTAALES FOR AUFKLING FONSTRAINTS

NV NO ACT/PAS INDF X
1 ACT 0.17828F 01
2 ACT 0.17099F 0Ot
3 ACT 0.156955 01
4 ACT N.13773F 01
5 ArY G.11521F 01
6 ACT 0.91532¢ 00
7 acT C.68834F DO
8 ACT 0.49002F 00
9 ACT 0.334468% 0Q
10 ACT 0,23069% n9Q

VOVODOODIDODUOVDIDOOITO
e o o 4 4 s v 0 e S s 4 s 0w s

VDO0ODVIVDIDODI0O0DOD00D0
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NO.

OF ACTIVE BUCKLIMG CNMSTRAINTS

APE
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LR

WAl Sk ded ol g ok o ok b ok b ek ook ko ok

ANALYSIS OF PESIGN NUMBER 5
ok AR oK ok P ok ok A ok ek

NDDAL DISPLACEMENTS AND ROTATICNS

NNDE LOAD X Y [4 XX Yy 124
NO. CASE
31 1 0.0 0.C 0.0 0.0 .0 0.0 1
30 1 0.0 n.¢ 0.0 0.0 0.0 0.0
29 1 0.0 7.0 2.0 n.0 0.0 0.0
28 1 0.0 N.Q 0.0 0.0 0.0 0.0
27 1 0.0 0.0 0.0 0.0 0.0 0.0
26 1 0.0 0.0 .0 0,0 0.0 0.0
25 1 0.0 0.0 0.0 0.0 0.0 0.0
24 1 0.0 0.0 G.0 0.0 0.0 0.0
23 1 0.0 0.0 0.0 0.0 0.0 0.0
22 1 0.0 0.0 0.9 0.0 0.0 0.0
21 1 =-1.051F-03 =~3.647€-05 d.Q 0.0 0.0 0.0
20 1 -1.051E-03 n.C 0.0 0.0 0.0 0.0
19 1 -8.227E~04 -2.8495-05 0.0 0.0 0.0 0.0
18 1 -B.232E-04 n.o 0.0 0.0 0.0 0.0
17 1 =6.820E-04 -2,263F-05 0.0 0.0 0.0 0.0
16 1 ~-6.824F-04 n.0 0.0 0.0 a.n 0.0
15 1 ~5.705€-04 ~1.S776-05 a.0 a.q 0.0 0.0
14 1 -5.T09F-C4 0.0 ¢.0 0.0 [y] 0.0
13 1 =4,738F-04 =-1.641E-05 0.0 2.0 0.0 0.0
12 1 -4.740£-04 0.0 c.n 0.0 0.0 0.0
11 1 -3.858F-M4 -1.336F-35 0.0 Q.0 Q.0 0.0
10 1 ~-3.8&60F-04 n.c 0.0 0.0 0.0 0.0
9 I -3.03¢F-04 =1.C50F-05 0.0 n.0 0.0 Q.0
8 1 -3.0378-04 0.0 0.0 n.0 0.0 n.o
7 1 —2.257F-04 -7.712£-06 9.0 n.c n.n n.o

61°1°d



o
-

=2.253F-Q4 n.0 0.0 0.0 Q.0 ¢.0

5 1 —1.494F-04 -5,133E~-06 0.0 Q.0 0.0 0.0

! 4 1 -1.494F-06 n.0 0.0 c.0 0.0 n.o0
: 3 1 —-7.476F-05 -2.536E-06 0.0 0.0 0.0 0.0
2 . 1 -7.480F~05 0.0 0.0 0.n 0.0 0.0

1 1 0.0 0.0 0.0 0.0 n.0 n.0

VALUES OF DESIGN VARIARLFS
1 2 3 4 5 [ 1 8 9 10

0 0.7222E 00 GO.T117F 0N 0.6969E 0N 0D.€731F 00 0.64C06F 00 O0.5982F 00 0.5436F 00 0,4779F 00 Q.3772F 00 0.2371¢ 00

ANALYSIS OF PLATE/SHELL FLEMENTS ,CCNSTREMN CCCE = 1
ELEMENT ELFMENT LOAD /===mmmmmemme- MENMERANE FORCFS----— —-—————— /] -m————— AFMDING/THISTING MOMEMT Qe —eee—— /
NUMBFR THICKNFSS CIND NXX NYY MXY MX X MYY MXY
1 0.722?2F 00 1 -0.7666E N1 -0.7546F 01 0.3476F-03 0.0 0.0 0.0
2 0.7117€ 00 1 -0.7555E 01 -0.7474E 0} -0.2371F-02 0.0 0.0 N.0
3 0.6969F 00 1 ~0.75C9¢F 01 -C.7405F 01 -0.7579E-0% 0.0 0.0 0.0
4 0.6731F 0N 1 ~0.7459F 01 -0.7270F 01 ~0.4267F-04 0.0 0.0 0.0
5 0.64C6F 00 1 ~N.7366F 01 -0.70R2F 01 -0.44185-C4 0.0 0.0 0.0
6 0.5982F Q0 1 -C.7315F 01 -0.6830F 01 -0.4921F-04 0.0 0.0 0.0
7 0.5426F 00 1 -0.7214€ 01 -0.£497F 01 -0.2819F-04 0.0 0.0 0.0
8 0.4729F 00 1 -0.7088F N1 -0.6043F 0} -N.5G52F-04 Q.0 0.0 0.0
9 0.3772€ 00 1 ~0.6S25F 01 -0.5387F 01 0.1378F~-03 0.0 0.0 0.0
10 0.2371F 00 1 -0.6706F 01 -0.4330% 01 -0.4602F-03 0.0 0.Nn 0.0

ANALYSTS NF BOUNDARY FLEMEANTS - CCNSTRAINT FCRCES

CUNST NUMBFER LOAC CASF FORCF MOCMTNT
1 1 0.0 N.n
2 1 0.0 0.0
3 1 8.0 c.0
4 1 0.0 Q.0
5 1 0.0 0.0
6 1 n.0 0.0
7 1 n.,n 0.0
A 1 n.0 c.0
9 1 0.0 0.C

10 1 0.0 0.0
11 1 0.75015F 02 GC.0
12 1 0.74411F 02 Cc.0
13 1 0.73347F 02 0.0
14 1 0.71722F 02 n.e
15 1 N.£9576F 02 c.0
16 1 N, AGSCTE 07 0.0
17 1 N.62653F 2 0.0

0z'1°d



0.570R83F 02
0.48487F G2
N.21871E 02

e -t

18
19
20

BUCKL ING LNAD PARAMETEPRS

0.429560 01

0,98759N 00

BUCKLING MNNE SHAPES

Yy 77

XX

NODF MODFE

NO.SHAPE

000000000“0000000000000000000000000“000000
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9.0675-Q1
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2.5161F-02

n
0

J.

1.087F 00

7.97548-Q2

0.
t.317€E 00 -7.1637F-04
2.342F-01 -1.11R3F-03
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0

1.217F 00
2.347%-01
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2 0.0 0.0 8.362E-01 -9.1607F=04 2.£741F-07
8 1 0.0 0.0 1.649E 00 0.0 1.2024F-02
2 0.0 0.0 3.342F-01 ‘0.0 246257602
7 1 0.0 n,0 1.761F 00 —3.2R707~C4 S,64171E-03
2 0.0 n.o L.NTIF 00 =7.2214F=04 2.06RRF=02
6 1 0.0 3.0 1.761€ 00 0.0 §.67286-072
2 0.0 9.0 1,071 €0 0.0 2.0701F-n2
5 1 0.0 n.c 1.829E 00 -Z.1A13F-C4 €.1923F-03
2 0.0 a.0 1.2465 00 -4.S6T2FE-04 1.4733F-02
5 1 0.0 0.0 1.835F 00 0,0 6.1971F=03
2 0.0 n.0 1.246F 00 0.0 1.42425-02
3 1 n.o 7.0 1.8855 00 -1.06£3F—04 2,D5T3F~03
2 0.0 n.0 1.354F 0 -7.5139F-06 7.2080F-03
2 1 0.0 n.0 1.785E 00 0.0 3.0592F-02
P n.n 1.254F 00 9.0 C7.21247-03
) 1 0.0 2.0 1.901E 00 0.0 c.0
2 0.0 n.C 1.391F 00 0.0 0.0
ki ok Rk kb A kAR kR g v PRk P
EVALUATION OF DESIGN NUMAER 5
22T ER A RS T IR AT SRS I L2 E ST NE LT Y
STRESS AREA FATIG  LEAD CONT UES VARIARLE
MAX 0.4969F-03 1 10
MIN 0.21076-03 1 1

KA X AYCK PATID LCAD CONC
0.1002€ 01 1
0.2328F 0O 1

CFSIGN 1S CRITICAL

STRUCTURAL WFIGHT= 0.8459F Q02
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OPTIMALETY INDFX DF DFSIGN VARJARLES FOR RLCKLINS CONSTRAINTS

DV NA ACT/PAS INPEX
1 ACT 0.987%4F N0
2 ACT C.98954F 00
3 ACT C.9G151% ne
4 ACT 0.56373¢ 0
5 ACT (.966525 ¢
6 ACT C.10001F M
7 ALY 0.10051¢ 01
A ACT 0.10132F 0}
aQ aCT 0. 10295% 0}
10 ACT 0.9€673% QN
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